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INTRODUCTION. 

During  the  past  fifteen  years  much  has  been  written  concern- 
ing' the  calculation  of  live  load  stresses  in  railroad  bridges,  and 
many  ingenious  schemes  for  time  and  labor  saving  have  been  per- 
fected in  the  treatment  of  concentrated  loadings.  These  writings 
are  scattered.  They  appear  here  and  there  in  the  prominent  engi- 
neering journals  and  in  the  transactions  of  engineering  societies, 
and  unless  the  student  is  very  familiar  with  his  subject  they  are 
not  readily  accessible. 

The  theoretical  principles  underlying  the  construction  and  use 
of  moment  diagrams,  shear  lines,  and  moment  influence  lines  are 
not  new,  for  they  are  fundamental  and  simple  principles  in  me- 
chanics. This  article  does  not  attempt  to  explain  them,  for  that 
would  be  uncalled-for  duplication  of  printed  matter.  The  best 
text-books  fully  treat  the  properties  of  shear  and  moment  influ- 
ence lines,  and  show  how  to  employ  special  types  of  moment  dia- 
grams.   These  matters,  too,  are  not  developed  in  what  follows. 

But  the  writer  of  this  article  in  his  lectures  to  students  in 
structural  design  courses  has  felt  a  want  in  some  accessible  book 
of  a  comprehensive  description  of  moment  diagrams,  especially 
as  to  their  construction.  These  diagrams  are  quite  complicated, 
and  not  quickly  explained.     The  first  part  of  the  present  article 
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describes  the  construction  and  explains  the  meaning  of  a  dia- 
gram, compiled  from  various  sources,  now  used  in  the  Depart- 
ment of  Civil  Engineering  of  the  University  of  California,  and 
this  description  has  been  found  to  aid  the  student  greatly.  The 
remainder  of  the  article  discusses  the  advantages  and  disadvan- 
tages of  the  use  of  concentrated  and  equivalent  loads,  and  is  in- 
tended to  throw  for  the  student  some  li^ht  upon  what  is  still  a 
rather  unsettled  problem. 

These  pages  were  written  originally  and  primarily  for  the  use 
and  instruction  of  students  taking  structural  engineering  courses 
in  the  College  of  Civil  Engineering  of  the  University  of  Califor- 
nia.   They  may,  it  is  hoped,  be  found  of  interest  to  others  also. 


I. —MOMENT  DIAGRAMS. 

Moment  Diagrams  are  convenient  tabulations  of  force  mo- 
ments and  other  numerical  data  relating  to  a  system  of  concen- 
trated moving  loads.  Their  use  affords  a  great  saving  of  time 
and  labor  in  the  calculation  of  shears  and  bending  moments  in 
simple  beams  and  paneled  trusses.  They  are  not  so  convenient  as 
Influence  Diagrams,  but  in  their  simpler  forms  may  be  more 
quickly  constructed  and  more  readily  handled.  They  are  usually 
arranged  for  a  typical  train  loading  such  as  is  prescribed,  for 
example,  in  Cooper's  "Specifications  for  Railway  Bridges." 
Such  a  loading  consists  of  two  typical  consolidation  locomotives 
followed  by  a  uniform  load.  Moment  diagrams  may  be  made 
very  simple  or  quite  complex.  The  following  description  shows 
how  to  construct  a  moment  diagram,  Plate  1,^  reasonably  simple 
and  yet  one  which  gives  much  help  to  the  computer. 

Column  1  gives  the  summation  of  loads  in  thousands  of 
pounds  summed  from  left  to  right.  It  gives  by  inspection  the 
snm  of  the  loads  to  the  left  of  any  given  load.  These  columns, 
unless  otherwise  stated,  are  in  horizontal  positions. 

Column  2  gives  the  summation  of  loads  in  thousands  of 
pounds  summed  from  right  to  left. 


^  The   loading   used  in   the   plate  is   not   a   standard.      It   is   similar   to 
Cooper's  E40. 
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Column  3  gives  the  individual  loads  in  thousands  of  pounds. 
It  must  bo  noted  that  the  uniform  load  is  subdivided  into  10-foot 
parts. 

Between  columns  3  and  4  is  placed  a  diagram  of  the  loading, 
the  horizontal  scale  of  which  is  1  inch  =  10  feet ;  the  vertical  scale 
any  convenient  amount. 

The  necessary  (horizontal)  length  of  a  moment  diagram  de- 
pends mainly  upon  the  span  length  of  the  structure  whose  shears 
and  bending  moments  are  desired.  Smaller  moment  diagrams  are 
required  for  short  spans.  Long  spans  require  moment  diagrams 
for  longer  lengths  of  train.  For  spans  ranging  from.  75  feet  to 
300  feet,  moment  diagrams  and  influence  lines  need  not  be  con- 
structed for  lengths  of  train  exceeding  350  feet,  and  for  the 
shorter  spans  may  be  proportionately  less  in  length. 

Column  4  gives  the  wheel  spacings  in  feet. 

Column  5  gives  the  summation  of  these  spaces  measured  from 
left  to  right,  and  therefore  by  inspection  gives  the  distance  of  any 
load  in  the  diagram  from  the  head  load. 

Column  6  gives  the  summation  of  spaces  measured  from  right 
to  left. 

The  vertical  scale  of  the  moment  diagram  proper  (found  be- 
low column  6)  is  a  matter  of  convenience,  available  space,  and 
appearance,  with  the  exception  of  the  shear  or  load  line  ''AB" 
to  be  described.  The  first  vertical  column  on  the  left  gives,  by 
reading  upward,  the  distance  of  any  load  from  the  head  load,  and 
is  therefore  a  duplication  of  the  horizontal  column  5.  The  main 
triangular  portion  of  the  diagram,  CDE,  found  below  column  6, 
gives  total  force  moments  in  thousands  of  foot-pounds.  From  it 
the  total  moment  of  any  number  of  consecutive  loads  about  the 
extreme  right-hand  one  of  that  number  may  be  at  once  found  by 
inspection.  Thus,  for  example,  the  horizontal  column  marked 
FG  gives  total  moments  of  any  number  of  consecutive  loads, 
starting  from  and  to  the  left  of  wheel  15,  about  wheel  15  as  a 
moment  center.  The  moment  of  wheels  5  to  15  inclusive  about 
wheel  15  is  11,370,000  foot-pounds.  The  moment  of  wheels  4  to 
17  incusive  about  wheel  17  equals  19,125,000  foot-pounds.  The 
moment  of  all  the  wheels  to  the  left  about  wheel  11  is  12,110,000 
foot-pounds.     The  moment  of  wheel  weights  of  two  engines  and 
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two  tenders  about  the  last  tender  wheel,  wheel  18,  is  31,460,000 
foot-pounds;  of  the  second  engine  and  tender  about  the  same 
point,  7,470,000  foot-pounds.  Column  HK  gives  moments  of 
wheel  loads  about  the  head  of  the  uniform  load.  Wheels  13  to  18 
inclusive  give  a  moment  about  the  head  of  the  uniform  load  of 
4,110,000  foot-pounds.  Columns  ending  at  the  right  under  the 
uniform  load  give  moments  about  the  10-foot  division  points  of 
the  uniform  loading.  Column  MN  gives  moments  of  loads  to  the 
left  of  point  Q  about  Q  as  a  center.  Thus  all  the  loading  between 
Q  and  wheel  12  inclusive  gives  a  moment  about  Q  of  47,830,000 
foot-pounds.  The  uniform  load  from  Q  to  R  inclusive  gives  a 
moment  about  Q  equal  to  9,800,000  foot-pounds.  In  all  cases  the 
moment  is  found  below  the  extreme  left-hand  load  of  a  given 
series  and  in  the  horizontal  column  starting  at  the  right  under 
the  right-hand  load  of  the  series,  which  Ipad  is  at  the  moment 
center.  The  change  from  the  concentrated  to  the  uniform  load- 
ing at  wheel  18  necessitates  a  blank  vertical  column  and  a  blank 
horizontal  column  as  shown  in  the  diagram. 

The  remaining  part  of  the  diagram,  found  in  a  horizontal 
band  at  the  bottom  of  the  plate,  makes  interpolation  in  the  upper 
diagram  possible  by  inspection.  The  upper  or  triangular  dia- 
gram gives  directly  totnl  moments  about  wheel  loads,  the  head  of 
uniform  load  and  its  10-foot  divisions  only.  It  does  not  give 
moments  for  intermediate  points.  The  lower  band  of  the  diagram 
enables  the  computer  to  find  quickly  moments  of  any  desired 
number  of  loads  to  the  left  about  any  1-foot  point  of  loading. 
It  is  to  be  observed  here  that  for  simplicity  typical  train  loads 
should  have  spaces  which  are  even  feet  in  amounts.  This  is  not 
necessary  in  Influence  or  Graphical  diagrams.  In  the  lower  band 
or  part  of  the  diagram  the  figures  in  any  vertical  column  give 
directly  the  moments  of  all  the  loads  to  the  left  about  the  inter- 
mediate 1-foot  points  of  the  space  found  immediately  above  and 
slightly  to  the  right  of  the  vertical  column  in  question.  Under 
the  uniform  load  these  vertical  colunms  are  immediately  below 
the  spaces  to  which  they  refer.  Note  that  there  are  as  man}'  fig- 
ures in  any  one  of  these  vertical  columns- as  there  are  feet  in  the 
space  to  which  it  particularly  refers. 

The  diagram  does  not  give  total  moments  of  a  part  of  the 
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loads  to  the  left  about  intermediate  l-foot  points,  but  only  about 
load  points  themselves.  However,  with  little  practice  and  a  slight 
amount  of  computation,  readily  accomplished  by  the  aid  of  a  slide 
rule,  the  computer  can  gain  such  results  quickly  through  the  use 
of  the  diagram. 

A  rider  such  as  is  shown  at  the  bottom  of  the  plate  should  be 
constructed,  scale  1"  =  10',  and  the  girder  or  truss  span  should 
be  drawn  in  skeleton  to  the  same  scale.  The  rider  strip  consists 
essentially  of  the  train  loads  and  a  scale.  It  may  be  superim- 
posed upon  the  span  in  any  position,  and  therefore  at  once  can 
show  by  inspection  what  loads  are  upon  the  span  and  what  loads 
off,  either  at  the  left  or  right  abutment.  The  computer  is  saved 
much  tiresome  addition  and  subtraction  by  this  simple  device. 

The  shear  or  load  line  "AB"  is  valuable  in  that  it  enables  the 
computer  to  determine  rapidly  the  position  of  a  train  loading 
Avhich  satisfies  for  a  given  point  in  the  span  the  criterion  for  max- 
imum bending  moment.     The  criterion  in  its  simplest  form  is : — 

1        SWi 


li      sw 


where  1  is  the  span  length,  2W  the  total  loads  on  the  span,  1^  the 
length  of  either  segment  into  which  the  center  of  moment  divides 
the  span,  and  SW^  the  total  load  upon  that  segment.  With  con- 
centrated loads  a  load  must  be  found  at  the  center  of  moments 
and  considered  divided  so  that  the  criterion  may  be  satisfied. 
The  shear  line  also  enables  the  position  of  live  load  for  greatest 
shear  in  a  given  panel  of  a  truss  to  be  found  very  readily.  In 
fact  its  use  may  be  made  perfectly  general.  It  applies,  with  the 
proper  interpretation,  for  broken  as  well  as  for  horizontal  chorded 
trusses.  The  student  is  assumed  to  be  familiar  with  the  criteria 
determining  live  load  positions  for  maximum  chord  and  web 
stresses  in  simple  spans  with  horizontal  or  inclined  chords. 

The  vertical  steps  of  the  shear  diagram  rise,  to  any  convenient 
vertical  scale,  and  are  equal  in  amount  to  the  loads  respectively 
above  them.  The  line  rises  from  left  to  right.  It  is  stepped  only 
under  the  concentrated  loading,  and  is  a  straight  line  under  the 
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uniform  load.-  This  shear  line  is  a  necessary  part  of  all  influence 
diagrams. 

The  moment  diagram  is  computed  per  track  or  axle  load,  in 
which  form  it  is  directly  applicable  to  double-track  bridges.  For 
single-track  bridges  its  results  must  be  divided  by  two,  or  the  dia- 
gi-ams  might  have  been  originally  constructed  for  single  wheel  or 
rail  loads. 

To  compute  maximum  floor  beam  reactions  a  reversed  dia- 
gram for  at  least  one  engine  is  convenient.  Such  a  diagram  gives 
total  moments  of  consecutive  loads  about  the  extreme  left-hand 
load  of  the  series.  See  Burr,  ' '  Elasticity  and  Kesistance  of  Mate- 
rials," table  1,  p.  69.  In  plate  1  a  reversed  tabulation,  DWV,  is 
given  for  the  first  engine.  This  part  of  the  plate  is  not  often 
used. 

The  moment  diagram  proper  is  very  readily  calculated  by 
observing  the  following  principle  of  force  movements.  Let  M^ 
be  the  moment  of  all  the  loads  to  the  left  about  the  n-th  load,  and 
let  Wi  be  the  total  weight  of  the  n  loads.  Let  Mo  be  the  moment 
of  all  the  loads  to  the  left  about  the  (n  +  l)th  loads,  and  let  a  be 
the  distance  between  the  n-th  and  (n  -|-  l)th  loads;  then 

M,  =  Ml  -I-  aWi 

This  principle  is  also  employed  w^hen  the  diagram  is  used  to 
compute  bending  moments  in  simple  spans  for  positions  of  load- 
ing which  cause  some  of  the  head  loads  of  the  train  to  run  off  the 
span  at  the  left  abutment,  the  train  moving  from  right  to  left. 
In  such  cases  the  moment  Mo,  about  the  center  for  bending  mo- 
ment, of  these  head  loads  which  are  off  the  span  can  be  found  by 
the  formula ; — for  Mj  is  the  moment  of  these  loads  about  that  one 
of  their  number  which  is  nearest  to  the  left  abutment,  W^  their 
aggregate  weight,  and  a  the  distance  betw^een  the  right-hand  head 
load  and  the  bending  moment  center  in  question. 

The  same  principles  must  also  be  constantly  employed  for 
paneled  trusses  where  stringer  reactions  and  panel  load  moments 
about  panel  points  are  computed.     For  such  problems  the  loads 


-  For  an  explanation  of  its  use  see  an  article  by  Ward  Baldwin,  Engi- 
neering Neios,  Sept.  28,  1889;  also  Engineering  News,  Vol.  37,  p.  157,  March 
11,  1897;  and  ''Influence  Lines  for  Bridges  and  Eoofs,"  by  Burr  and  Falk, 
figs.  5  and  9. 
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to  be  treated  may  be  an  intermediate  number  of  loads  and  not 
head  loads. 

In  employing  this  mechanical  principle  to  calculate  the  mo- 
ment diagram,  the  student  is  cautioned  to  check  his  work.  This 
should  be  done  by  finally  calculating  independently  the  last  mo- 
ment of  each  horizontal  column. 

To  avoid  confusion  in  tiresome  calculations  and  to  adhere  to 
one  point  of  view,  it  is  a  good  idea  to  construct  and  use  the  mo- 
ment diagram  for  the  train  moving  always  in  one  direction  only, 
usually  from  right  to  left.  Of  course  calculations  could  be  made 
for  motion  in  the  other  direction,  and  must  be  fore  unsymmet- 
rical  frames.  For  trusses  symmetrical  with  respect  to  the  center 
of  the  span,  therefore,  find  maximum  conditions  and  values 
throughout  the  span  for  the  train  moving  only  to  the  left.  The 
results  for  the  left  half  of  the  span  represent  main  stresses,  those 
for  the  right  are  counter  values. 

II.— TYPICAL  LIVE   LOADS. 

The  student  at  the  University  of  California  is  made  familiar 
with  the  concentrated  load  treatment  because  it  is  still  very  com- 
monly used  in  practice,  especially  through  the  aid  of  influence 
diagrams,  but  also  because  such  a  treatment  helps  to  bring  out 
forcibly  all  the  mechanical  principles  involved  in  the  finding  of 
maximum  values  for  reactions,  shears,  and  bending  moments  in 
simple  spans,  paneled  and  unpaneled.  Practically  much  time  is 
consumed  in  this  treatment,  with  no  real  gain  in  accuracy.  The 
loadings  at  best  are  typical,  and  the  resulting  stresses  are  not 
actual  stresses.  Factors  of  safety  and  impact  coefficients  are  in- 
troduced in  all  problems.  These  observations  show  why  needless 
refinement  of  computation  and  load  treatment  becomes  undesir- 
able and  unnecessary.  Equivalent  loads  are  therefore  now  often 
prescribed,  and  consist  of  simple  uniform  loads,  or  at  most,  of 
uniform  loads  with  one  or  possibly  two  large  concentrations.  The 
uniform  load  is  taken  to  represent  the  average  weight  of  train, 
while  the  concentrations  represent  excess  weights  and  are  placed 
in  the  vicinities  of  the  locomotive  driving-wheels,  or  are  treated 
as  movable.  Such  equivalent  loadings  are  found  to  give  stresses 
in  truss  members  differing  but  slightly  from  those  obtained  by 
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using  the  typical  concentrated  loading.  Unfortunately  the  dis- 
crepancy in  any  given  case  is  not  constant,  but  variable  for  dif- 
ferent members  of  the  same  span  and  similar  members  in  spans 
of  different  lengths.  Generally,  however,  the  discrepancy  is  less 
than  5  per  cent.,  and  rarely  for  special  members,  such  as  counter 
members,  more  than  10  per  cent.  To  reduce  the  discrepancy  and 
keep  it  as  nearly  uniform  as  possible,  some  writers  experienced  in 
this  class  of  computation,  therefore,  advocate  the  use  of  the  con- 
stant uniform  load  with  a  variable  and  movable  concentration, 
the  concentration  to  be  given  different  values  for  different  span 
lengths.^  The  resulting  complication  is  not  objectionable,  because 
for  an  experienced  computer  a  tabulation  giving  the  values  of 
the  variable  concentration  for  different  conditions  may  be  easily 
arranged.  By  such  treatments  stresses' may  be  calculated  which 
will  differ  only  a  few  per  cent,  in  extreme  cases  from  those  found 
by  using  concentrated  loads,  and  with  considerable  saving  in  time 
and  labor. 

One  advantage  claimed  for  the  concentrated  load  treatment  is 
that  it  gives  stresses  in  the  different  parts  of  the  frame  propor- 
tionate to  the  actual  stresses,  even  though  the  amounts  are  in 
error;  and  that  a  uniform  load  can  produce  neither  the  true 
amounts  of  stress  nor  the  proper  relative  values  for  the  different 
members.  Adding  a  movable  concentration  to  the  uniform  load 
overcomes  almost  completely  this  advantage  claimed  for  concen- 
trations. As  neither  loading  can  give  actual  stresses,  but  at  best 
only  approximate  ones,  it  would  appear  unnecessary  to  continue 
the  use  of  concentrated  loads. 

Railroad  bridges  built  during  the  past  thirty  years  have  had 
short  lives  because  the  moving  loads  for  which  they  were  designed 
have  been  replaced  by  ever  increasing  weights.  The  maximum 
axle  loads  of  locomotives  have  more  than  doubled  since  1888,  a 
period  of  seventeen  years,  and  it  is  probable  that  they  will  con- 
tinue to  increase  in  the  future.  At  least  this  may  be  expected 
upon  the  smaller  roads  which  at  present  are  not  using  very  heavy 
engines.  On  the  large  and  important  railroads  the  engine  size 
and  weight  will  increase  until  the  clearance  lines  are  reached  or 
the   roadway  supporting  power  is   approached.      Some   writers 

'  See  a  paper  by  O.  E.  Selby,  Trans.  Am.  Soc.  C.  E.,  Vol.  42,  p.  223. 
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consider  the  limit  to  ])e  now  very  nearly  at  hand  for  the  trnnk 
railroads. 

In  the  light  of  these  facts  and  the  short  lives  of  bridges  of  the 
last  generation,  it  would  seem  better  to  inquire  as  to  the  maxi- 
nuini  loads  of  the  future  which  a  proposed  structure  is  likely  to 
be  called  upon  to  support,  than  to  calculate  stresses  for  a  need- 
lessly complicated  typical  loading  that  may  be  found  to  be  but 
half  the  weight  of  the  actual  train  of  the  next  decade. 

For  further  study  the  student  is  advised  to  read  the  following 
references : — 

1.  Graphical  Method  of  Calculating  Bridge  Strains  for  Concentrated 
Loading,  by  Ward  Baldwin,  Eng.  News,  Sept.  28,  1889,  j).  295. 

2.  An  Improved  Moment  Table,  by  W.  C.  Armstrong,  E)tg.  News,  March 
11,  1897,  p.  157. 

3.  American  Eaihvay  Bridges,  by  Theodore  Cooper,  T.  A.  S.  C.  E.,  Vol. 
21,  p.  1. 

4.  Graphical  Solution  for  Maximum  Stress  Using  Concentrated  Loads, 
by  H.  T.  Eddy,  T.  A.  S.  C.  E.,  Vol.  22,  p.  259. 

5.  Some  Disputed  Points  in  Eailway  Bridge  Designing,  by  J.  A.  L. 
Waddell,  T.  A.  S.  C.  E.,  Vol.  42,  p.  189. 

6.  General  Criterion  for  the  Position  of  Loads  Causing  Maximum  Stress 
in  Any  Member  of  a  Bridge  Truss,  by  L.  M.  Hoskins,  T.  A.  S.  C.  E.,  Vol. 
42,  p.  240. 

7.  Loadings  for  Eailroad  Bridges,  T.  A.  S.  C.  E.,  Vol.  51,  p.  105. 

8.  Live  Loads  for  Eailroad  Bridges,  T.  A.  S.  C.  E.,  Vol.  54,  part  A, 
p.  77. 

9.  A  New  Method  for  Calculating  Bridge  Stresses  Under  Wheel  Loads, 
Eng.  News,  June  21,  1906,  p.  695. 
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INTRODUCTION 

Since  there  is  very  little  actual  test  data  on  the  strength  of 
structural  timber  that  has  been  air  seasoned  for  a  long  time,  the 
following  results  are  published  for  the  purpose  of  showing  the 
effect  on  its  strength  of  a  long  period  of  use  in  a  building.  The 
tests  were  made  at  the  Civil  Engineering  Laboratory  under  the 
direction  of  the  writer  by  Mr.  J.  R.  Shields,  assistant  in  the  testing 
laboratory. 

MATERIAL  USED 

The  specimens  for  these  tests  were  selected  from  the  wall 
studding,  floor  joists,  and  underpinning  of  a  one-story  frame 
building  erected  on  the  University  of  California  campus  in  1874, 
and  demolished  in  1911,  making  the  age  of  test  specimens  37 
years.  The  wall  studding  and  floor  joists  were  of  2  X  4  inch 
and  2X8  inch  Douglas  fir  respectively,  the  underpinning  of 
3X4  inch  and  4X4  inch  redwood.  All  the  Douglas  fir  could 
be  classed  as  of  no.  1  grade.  All  knots  were  sound;  few  knots 
were  larger  than  one  inch.  The  redwood  specimens  were  of 
similar  grade.  The  smaller  pieces  of  Douglas  fir  cut  for  com- 
pression and  shear  tests  were  clear  timber.  There  was  not  the 
slightest  indication  of  decay  on  any  of  the  material.  Age  had 
merely  darkened  its  surface  slightly. 
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The  conditions  to  which  all  the  material  was  exposed  in  service 
are  described  as  follows:  The  floor  level  of  the  building  was 
about  three  feet  above  ground  surface.  Air  could  circulate  under 
the  floor  through  occasional  latticed  ventilators  placed  on  all  sides 
under  the  water  table.  The  interior  finish  was  of  lime  plaster 
on  wooden  lath ;  the  exterior  w^as  painted  redwood  channel  rustic. 
The  building  was  freely  exposed  on  all  sides  to  light  and  air. 
For  a  period  of  about  four  months  in  the  year  the  ground  surface 
in  the  vicinity  of  the  building  in  question  was  usually  very  damp, 
a  condition  favorable  for  the  decay  of  the  fir  floor  joists,  which 
were  only  two  feet  above  ground.  Clearly,  here,  ventilation 
prevented  decay.  The  weight  of  the  timber  as  tested  clearly 
shows  the  extent  to  which  air  seasoning  took  place  under  these 
conditions. 

Tests  Made 

Bending,  longitudinal  compression,  and  longitudinal  shear 
tests  were  made  on  Douglas  fir.  The  material  available  allowed 
of  only  longitudinal  compression  tests  of  redwood. 

DouGTuVs  Fir  Tests 
1.  Bending 

The  specimens  consisted  of  2  X  8  inch  sawed  floor  joists. 
Twenty-five  tests  were  made,  using  spans  ranging  from  6  to  10 
feet.  The  tests  were  made  on  an  Olsen  200,000-pound  universal 
testing  machine.  Loads  were  applied  in  increments  of  400  pounds 
each,  at  the  third  points  of  the  span.  The  speed  of  the  machine 
was  .04  inch  per  minute.  Center  deflections  w^ere  read  to  .01 
inch  directly  by  the  mirror-scale-thread  method.  Plate  2  shows 
the  arrangement  of  the  testing  machine  for  these  tests. 

The  elastic  limit  and  coefficient  of  elasticity  were  determined 
in  the  usual  manner  from  deflection  curves.  These  curves  showed 
that  the  elastic  limit  in  each  case  was  very  well  defined  even 
though  the  table  shows  it  to  vary  greatly  in  amount  for  various 
beams.  Up  to  the  elastic  limit  the  curves  adhered  uniformly 
very  closely  to  a  straight  line.  The  fiber  stress  at  the  elastic 
limit  was  determined  by  M  =  %  fbd',  the  usual  formula  for  re- 
sisting moment  of  a  beam  rectangular  in  cross  section,  where  / 
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is  the  intensity  of  fiber  stress  at  the  top  or  bottom  of*  the  section, 
h  is  the  width  of  the  beam  and  d  its  depth.  This  formula  was 
also  used  to  compute  the  fiber  stress  at  the  maximum  load.  While 
theoretically  inapplicable  beyond  the  elastic  limit,  such  use  of 
the  formida  gives  valuable  comparative  results.  The  modulus 
of  elasticity  for  a  beam  loaded  at  the  third  points  is  given  by 

,  where  W  is  the  total  load  applied,  I,  the  moment  of 

1296  dl      '  ft  ,      , 

intertia  of  the  cross  section  about  its  neutral  axis,  d,  the  center 
deflection,  and  /,  the  span.  Theoretically  this  formula  is  slightly 
in  error  in  that  it  does  not  consider  shearing  deformations.  Since 
the  intensity  of  horizontal  shearing  stress  at  any  point  in  a  beam 
equals  the  intensity  of  vertical  shearing  stress,  the  maximum 
longitudinal  shear  in  a  wooden  beam  equals  the  intensity  of 
vertical  shear  at  the  neutral  axis  which  is  given  by  the  formula 


3    V 

Y  M 


where  V  is  the  total  external  shearing  force.     Table  1 


gives  the  results  of  flexure  tests  of  Douglas  fir. 


TABLE  1 
Bending  Strength.    Douglas  Fir 

Quantity                                                                    Average  Maximum  Minimum 
Dimensions — 

Section,   in 2.0  X  8.0  1.6  X  7.5 

Span,  ft 10  6 

Number  of  rings  per  linear  in.  14  25  4 

Weight,  as  tested,  lb.  per  cu.  ft 34.4  43.9  27.5 

Sapwood,  per  cent  0.5  10  0 

Elastic  limit — 

Total  load,  lbs 7,700  12,800  3,200 

Fiber  stress,  lbs.  per  sq,  in 6,100  9,900  2,660 

E,  1000  lbs.  per  sq.  in 1,860  2,410  1,390 

Maximum  load — 

Total  load,  lbs 9,100  16,600  2,400 

Fiber  stress,  lbs.  per  sq.  in 7,200  10,250  3,220 

Maximum  shear  developed,  lbs.  per  sq.  in.        450  800  320 


Methods  of  Failure 

Ten  beams  failed  in  longitudinal  shear  near  the  supports; 
eight  failed  in  tension  at  lower  fibers  due  to  presence  of  knots ; 
five  failed  in  tension  due  to  cross  grain ;  two  failed  in  compression 
at  upper  fibers. 
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2.  Longitudinal  Compression 

The  specimens  were  sawed  from  tested  floor  joists  and  from 
2X4  inch  wall  studding.  One  hundred  and  twenty-five  tests 
were  made  on  pieces  2X2X8  inches  in  size.  The  tests  were 
made  on  a  Riehle  100,000-pound  universal  testing  machine.  Com- 
pressive strains  were  read  with  an  Olsen  micrometer  compresso- 
meter  reading  to  0.0001  inch  for  load  increments  of  1000  pounds. 
Plate  3,  figure  1,  shows  the  arrangement  of  the  apparatus  for 
this  test. 

The  elastic  limit  and  coefficient  of  elasticity  were  determined 
from  stress-strain  diagrams.  The  elastic  limit  in  each  case  was 
fairly  well  defined  by  the  curve.  The  plotted  points  up  to  the 
elastic  limit  did  not  conform  to  a  straight  line  as  well  as  did 
those  of  the  deflection  curves  for  joist  tests.  However,  the  devi- 
ation from  such  a  straight  line  in  any  case  was  not  sufficient  to 
cause  any  doubt  as  to  its  proper  position.  The  results  of  com- 
pression tests  are  summarized  in  Table  2. 

TABLE  2 

Longitudinal  Compressive  Strength.    Douglas  Fir 

Quantity  Average  Maximum  Minimum 
Dimensions — 

Section,  in 2.0  X  2.2  1.6  X  1.9 

Total  length,  in 8.0  8.1  7.8 

Gauge  length,  in 6.00  6.00  6.00 

Number  of  rings  per  linear  inch  15  30  5 

Weight,  as  tested,  lb.  per  cu.  ft 35.2  46.0  28.5 

Sapwood,  per  cent  2.3  50.0  0 

Elastic  limit — 

Total  load,  lbs 9,560  17,000  3,100 

Strength,  lb.  per  sq.  in 2,470  4,250  850 

E,  1000  lbs.  per  sq.  in 3.420  5,250  1,500 

Crushing  load — 

Total  load,  lbs 27,700  35,750  13,000 

Strength,  lbs.  per  sq.  in 7,040  9,200  3,400 

3.  Longitudinal  Shear 

The  specimens  were  sawed  from  tested  floor  joists  and  from 
2X4  inch  wall  studding.  The  type  of  specimen  and  shearing 
apparatus  used  are  shown  in  Plate  3,  figure  2.  The  specimen  is 
bolted  in  place  so  that  the  top  surface  of  its  projecting  lip  comes 
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completely  under  the  sliding  plunger.  The  lip  is  sheared  by 
applying  compression  at  the  top  of  the  plunger.  The  shearing 
area  of  lip  was  2X4  inches.  One  hundred  and  forty-seven  tests 
were  made,  using  a  Riehle  100,000-pound  testing  machine.  All 
specimens  failed  suddenly.  Only  maximum  loads  were  noted. 
Table  3  gives  a  summary  of  the  results. 

TABLE  3 

Longitudinal  Shearing  Strength.    Douglas  Fir 

Quantity                                                                    Average  Maximum  Minimum 

Dimensions — 

Shearing  area,  in 2.1  X  2.9  1.7  X  3.0 

Maximum  load — 

Total  load,  lbs 7,670  12,050           2,080 

Shearing  strength,  lbs.  per  sq.  in.  1,310  2,350              450 

Redwood  Tests 

1.  Longitudinal  Compression 

The  specimens  were  prepared  by  squaring  the  ends,  the  sides 
being  left  rough  as  originally  sawed.  Thirteen  tests  were  made 
on  pieces  3X4  inches  and  4X4  inches  in  section  and  from  17 
to  27  inches  long,  using  an  Olsen  200,000-pound  universal  testing 
machine.  Compressive  strains  were  read  for  load  increments  of 
4000  pounds  by  the  same  method  as  used  for  compression  tests 
of  Douglas  fir. 

The  elastic  limit  and  coefficient  of  elasticity  were  determined 
from  stress-strain  diagrams.  All  specimens  showed  a  rather  well 
defined  elastic  limit.  Table  4  gives  a  summary  of  the  results  of 
redwood  compression  tests. 

TABLE  4 

Longitudinal  Compressive  Strength.    Eedwood  Underpinning 

Quantity  Average  Maximum  Minimum 

Dimensions — 

Section,  in 4.0  X  4.0  2.8  X  3.7 

Total  length,  in 22.9  27.2  17.3 

Gauge  length,  in 21.5  24.0  13.0 

Number  of  rings  per  linear  inch  22  60  18 

Weight,  as  tested,  lbs.  per  cu.  ft 29.8  32.1  26.7 

Sapwood,  per  cent  .3  2  0 


Maximum 

Minimum 

70,500 

39,900 

5,700 

3,500 

2,040 

950 

88,450 

45,000 

6,350 

4,350 
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TABLE  4 — (Continued) 

Elastic  limit—  Average 

Total  load,  lbs 58,000 

Strength,  lbs.  per  sq.  in 4,600 

E,  1000  lbs,  per  sq.  in 1,450 

Crushing  load — 

Total  load,  lbs 68,000 

Strength,  lbs.  per  sq.  in 5,400 

CONCLUSIONS 

The  number  of  tests  made  was  not 'large  enough  to  justify 
any  sweeping-  conclusions.  However,  a  larger  number  of  tests 
made  on  material  from  just  this  source,  which  was  the  only  one 
available  at  the  time,  would  not  have  added  materially  to  the 
value  of  the  results. 

A  comparison  of  averages  from  the  above  test  results  with 
those  given  in  Table  2,  page  21,  U.  S.  Forest  Service  Bulletin  108, 
on  similar  timber  air  seasoned  for  two  years,  shows  the  following 
facts : 

1.  Small  pieces  of  the  long  seasoned  Douglas  fir  without  de- 

fects are  490  pounds  per  square  inch  stronger  in  longi- 
tudinal shear  than  two-year  air-seasoned  material,  which 
has  an  average  resistance  of  822  pounds  per  square  inch. 
This  represents  an  increase  in  shearing  strength  of 
about  60  per  cent. 

2.  The  modulus  of  elasticity  in  bending  for  the  long  seasoned 

Douglas  fir  is  20  per  cent  higher. 

3.  The  fiber  stresses  at  the  elastic  limit  and  at  the  maximum 

load  for  the  long  seasoned  material  are  respectively 
about  30  per  cent  and  13  per  cent  higher. 

4.  The  maximum  crushing  strength  in  compression  longitud- 

inally is  40  per  cent  higher  for  the  long  seasoned 
Douglas  fir,  but  its  elastic  limit  is  30  per  cent  lower. 

5.  The  longitudinal  crushing  strength  of  the  long  seasoned 

redwood  is  25  per  cent  greater. 

In  conclusion,  the  well  preserved  condition  of  the  floor  joists 

shows  that  proper  ventilation  will  prevent  the  decay  of  timber 

that  is  exposed  to  a  damp  atmosphere.     The  absence  of  dry  rot 

in  the  wall  studding  shows  that  air  has  sufficient  access  throuo-h 
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cliaiinel  rustic  to  prevent  it.  Under  favorable  service  conditions, 
such  as  in  the  ordinary  frame  building,  sound  heart  timber  in 
pieces  of  moderate  section  gradually  gains  in  strength  and  stiff- 
ness through  air  seasoning. 

Further  tests  are  to  be  made  in  the  near  future  on  a  shipment 
of  Douglas  fir  similarly  seasoned  by  long  use  in  a  large  frame 
building.  The  test  pieces  will  comprise  joists  from  2X6  inches 
to  2  X  12  inches  in  section  and  posts  4X4  inches  to  8  X  8  inches. 


PLATE  2 

Olsen   200,000-pound   universal   testing  machine   arranged   for   flexure 
tests  of  Douglas  fir  floor  joists. 
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PLATE  3 

Fig.  1. — Micrometer  compressometer  for  compression  tests  of  timber. 

Fig.  2. — Apparatus  and  type  of  specimen  used  for  longitudinal  shear 
tests  of  timber. 
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1.  INTRODUCTION 

In  1853  Sorel,  a  French  chemist,  discovered  that  a  mixture 
of  finely  powdered  magnesium  oxide  and  a  solution  of  magnesium 
chloride  produced  a  very  strong  cement,  which  set  and  continued 
to  harden  with  age,  in  a  manner  very  similar  to  that  of  Portland 
cement.  This  hardened  mixture  is  an  oxychloride  of  magnesium ; 
it  is  called  magnesian  cement.  Products  composed  of  magnesian 
cement  and  various  aggregates,  such  as  sand,  powdered  stone, 
asbestos,  sawdust,  etc.,  go  under  various  trade  names  such  as 
' '  Sorelite '  V '  marbleoid  ",  ' '  asbestolith  ",  "  woodstone ' ',  etc.  Mag- 
nesian cement  was  patented  about  1870  in  the  United  States, 
and  at  that  period  was  used  to  a  considerable  extent  in  the 
manufacture  of  emery  wheels. 

The  principal  use  of  magnesian  cement  has  been  in  the  manu- 
facture of  artificial  building  stone,  especially  for  interior  trim, 
as  a  substitute  for  more  expensive  marble  and  tiling.  In  the 
hands  of  an  artist,  the  material  may  be  made  to  resemble  closely 
various  kinds  of  ornamental  marble  by  the  applicaticm  of  pow- 
dered pigment  to  the  floated  surface  before  the  cement  sets. 
Such  artificial  stone  may  be  moulded  in  thin  slabs,  which  have 
considerable  strength  and  resilience.  When  so  moulded,  it  is 
suitable  for  wainscoating,  base,  casings,  mouldings,  etc.  The 
mortar,  when  plastered  onto  Avood,  adheres  very  firmly.  Prob- 
ably one  of  its  largest  applications  is  that  for  monolithic  sanitary 
floors,  in  which  the  base  and  floor  are  moulded  in  place  together. 
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This  permits  of  rounding  all  angular  corners  and  eliminates 
joints.  Such  coverings  are  more  resilient  than  cement  floors. 
They  can  be  floated  directly  on  top  of  wooden  flooring.  Mag- 
nesium cement  products  have  been  used  to  a  slight  extent  for 
exterior  building  trim. 

In  1910  an  investigation  was  made  in  the  Civil  Engineering 
Testing  Laboratory  of  the  University  of  California,  under  the 
direction  of  Professor  Charles  Derleth,  Jr.,  and  the  writer,  to 
determine  the  physical  properties  of  commercial  magnesian 
cement  products.  Among  the  tests  made  were  those  customary 
for  the  purpose  of  ascertaining  the  suitability  of  these  products 
for  artificial  building  stone.  The  results  of  this  investigation 
are  given  in  the  following  pages. 


2.  MAGNESIAN  CEMENT 

Manufacture. — Magnesian  cement  is  made  by  calcining  mag- 
nesite,  MgCo^,  at  a  temperature  of  about  950°  F.  In  plants 
especially  designed  for*  the  purpose,  carbon  dioxide,  amounting 
to  50  per  cent  of  weight  of  magnesite  calcined,  can  be  saved. 
In  California  this  carbon  dioxide  is  used  for  refrigeration  pur- 
poses and  for  making  carbonated  waters.  Extensive  deposits 
of  magnesite  are  comparatively  rare.  The  only  important  ones 
in  the  United  States  are  in  California ;  the  principal  foreign 
deposits  that  are  worked  are  in  Greece,  Austria,  South  Africa, 
India,  Italy,  and  Norway.  The  literature  on  magnesite  deposits 
is  fragmentary.  For  a  detailed  description  of  the  uses  and  occur- 
rences of  magnesite  the  reader  is  referred  to  Bulletin  355  of  the 
United  States  Geological  Survey,  "The  Magnesite  Deposits  of 
California. ' ' 

After  calcination,  grinding  is  the  only  further  operation  re- 
quired to  produce  the  cement.  The  quality  of  the  cement  will 
depend  to  a  considerable  degree  on  the  purity  of  the  raw  mag- 
nesite. Impurities  which  often  occur  in  such  deposits  are  serpen- 
tine, olivine,  silica,  clay,  iron  oxides.  The  cement  used  for  these 
tests  was  furnished  by  the  Western  Magnesite  Company,  whose 
plant  is  situated  at  San  Leandro,  California,  and  whose  deposits 
are  on  Red  Mountain,  near  Livermore,  California. 
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The  results  of  partial  analyses  of  magnesite  from  the  Red 
^Mountain  deposits,  made  by  the  United  States  Geological  Survey 
in  the  geophysical  laboratory  of  the  Carnegie  Institution,  are 
shown  in  Table  1,  which  is  taken  from  page  36,  U.  S.  G.  S. 
Bulletin  355. 

TABLE  1 

Partial  Analyses  of  Magnesite  From  Red  Mountain  Deposits,  Santa 

Clara  County,  California 

Percentages 

. ^ ' > 

Compound  Sample  1        Sample  2 

Silica  (SiO,)  0.73  3.93 

Alumina  (AlA)   ^^-14^ 

Ferric  oxide  (FeA)   0.21  J  ^'^^ 

Lime  (CaO)  0.40  1.16 

Magnesia   (MgO)    46.61  

Carbon  dioxide  (CO,)   51.52 

Total    99.61  5.29 


Specific  Gravity  of  Cement. — The  specific  gravity  of  calcined 
magnesite,  using  the  Le  Chatelier  apparatus  under  the  standard 
conditions  prescribed  for  specific  gravity  determinations  of  Port- 
land cement,  ranged  between  2.72  and  2.81. 

Fineness  of  Cement. — All  the  cement  used  in  this  investi- 
gation was  passed  through  a  No.  80  screen  at  the  mill.  The 
results  of  a  fineness  test,  made  in  accordance  with  the  standard 
method  of  the  American  Society  for  Testing  Materials  for  Port- 
land cement,  are  given  in  Table  2. 


TABLE  2 
Fineness  of  Ground  Calcined  Magnesite 
Sample  contained  100  gm. 
Sieve  Xo.  50  60  80  100  200 

Passed,  gm 99.950       99.914       93.650       90.604       65.150 

Kejected,  gm 0.036         0.014         1.173         7.977       25.237 

^^''?^"'[  99.95         99.9  48.7  90.6  65.2 

Passing   \ 

Note. — See  Plate  4  for  curve. 
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The  above  cement  is  finer  than  that  used  commercially,  which 
is  ground  so  that  about  6  per  cent  of  it  is  retained  on  a  No.  50 
sieve.  Of  course  the  ordinary  product  would  contain  a  large 
proportion  of  powder  finer  than  that  just  passing  the  No.  50  sieve. 

Chemical  Constituents  of  Calcined  Magnesite.— Table  3  gives 
a  chemical  analysis  of  the  magnesian  cement  used  in  this  inves- 
tigation. 

TABLE  3 

Chemical  Constituents  of  Calcined  Magnesite 

Compound  Percentage 

Moisture  at  110°  C.  (H,0)   1.45 

Ignition  loss  (H,0,  CO.)   - 16.80 

Silica  (SiO,)  1.89 

Iron  and  alumina  (Fe.O,,  ALO;;) ^-63 

Lime  (CaO)  0.30 

Magnesia  (MgO)   77.18 

Total  99.25 

The  dry  powder  becomes  lumpy  after  exposure  to  air  for  a 
few  wrecks.  It  is  claimed  that  long  exposure  of  the  powder  to 
air  produces  a  loss  in  strength  of  about  18  per  cent.  Low 
temperatures  greatly  retard  its  setting;  lean  mortars  in  moist 
air  at  a  temperature  of  50°  F.  require  two  days  to  harden  thor- 
oughly. The  temperature  of  storage  greatly  affects  the  strength 
of  mortars  at  early  ages. 


3.  MAGNESIAN  CEMENT  MORTARS 

Mixing  Fluid. — The  liquid  used  to  mix  all  specimens  Avas  a 
solution  containing  75  per  cent  of  water  and  25  per  cent  of 
magnesium  chloride.  Its  specific  gravity  was  about  1.23.  In 
what  follows  this  mixing  fluid  will  be  called  simply  the  solution. 

Characteristics  of  Sands  Used. — Two  different  sands  Avere 
used,  which  are  know^n  in  this  locality  as  Monterey  sand  and 
Contra  Costa  sand.  Monterey  sand  is  a  light-colored,  very  clean 
material  coming  from  the  ocean  beach  by  that  name.  It  is  the 
sand  principally  used  in  this  vicinit}^  for  magnesian  cement 
products.    Contra  Costa  sand  is  pumped  from  the  Berkeley  slior^ 
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of  San  Francisco  Bay  and  is  a  very  clean  screened  product.  The 
^lonterey  sand  had  43  per  cent  of  voids ;  the  Contra  Costa,  52 
per  cent. 

The  fineness  of  these  sands  is  shown  in  Table  4  and  is  plotted 
on  Plate  4.  The  test  sample  in  each  case  consisted  of  1000  gm. 
This  was  placed  on  the  top  screen  of  a  nest  of  sieves  rangino^  in 
size  from  No.  16  down  to  a  No.  200.  The  nest  was  shaken  in  a 
standard  sand  shaker  at  a  uniform  rate,  for  one  thousand  times, 
after  which  the  amounts  retained  on  each  sieve  and  in  the  bottom 
pan  were  weighed. 


TABLE 

4 

S  OF 

Monterey  and 

Contra  Costa 

No. 

Percent 

age  passing 

A 

Sieve 

f 
Monterey 

Contra  Costa 

16 

100.0 

99.7 

30 

98.6 

87.9 

40 

56.4 

60.0 

50 

18.5 

31.9 

60 

3.2 

]2.2 

80 

0.2 

4.1 

100 

0.0 

2.7 

Note. — See  Plate  4  for  curve. 


General  Notes  Concerning  Preparation  of  Test  Specimens. — 

All  specimens  were  moulded  by  a  representative  of  the  Western 
^Magnesite  Company  who  w^as  thoroughly  familiar  with  the  manip- 
ulation of  magnesian  cement.  All  proportions  were  determined 
by  weight.  All  materials  were  perfectly  dry  before  mixing  and 
were  very  carefully  mixed  with  a  trow^el  both  before  and  after 
adding  the  solution.  Nearly  all  specimens  were  mixed  with  a 
minimum  amount  of  solution,  so  that  the  tempered  mass  had 
a  crumbly  consistency  when  placed  in  the  moulds.  This  was 
called  a  dry  mix.  All  such  specimens  Avere  vigorously  tamped 
in  layers.  In  some  cases  specimens  were  made  using  a  fluid  mix. 
a  consistency  which  permitted  moulding  of  specimens  by  simply 
pouring  the  mixture,  without  any  puddling,  into  the  form. 

In  practice  slab  work  is  of  such  fluid  consistency.    The  mortar 
is  floated  on  oiled  plate  glass.    Upon  removal  from  the  glass  the 
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bottom  surface  of  the  slab  is  very  smooth  and  has  a  characteristic 
hard,  glazed  appearance  when  proper  mixtures  and  suitable  sands 
are  used.  The  strength  of  the  product  and  its  glazed  surface 
are  the  chief  factors  which  favor  it  for  low-priced  interior  trim. 
All  specimens  remained  in  the  moulds,  which  were  of  iron 
or  bronze,  for  at  least  twelve  hours.  After  removal  from  the 
moulds,  they  were  stored  in  air,  at  an  average  temperature  of 
50°  F.,  until  tested.  Specimens  were  purposely  moulded  and 
aged  in  the  average  temperature  of  an  open  laboratory  to  fit 
conditions  that  would  or  might  occur  in  a  commercial  factory. 
While  these  tests  were  in  progress  the  weather  remained  quite 
cold.  All  mortar  specimens  consisted  only  of  ^Monterey  sand 
and  magnesian  cement.  Unless  otherwise  noted,  no  foreign 
materials,  such  as  sawdust,  asbestos  or  stone  dust,  were  added. 
Similarly,  all  concrete  specimens  consisted  only  of  magnesian 
cement,  sand,  and  clean  crushed  rock.  No  neat  cement  specimens 
were  made.  Table  5  gives  equivalent  proportions  for  mixtures 
of  cement  and  sand  by  weight  and  by  volume  of  loose  materials. 

TABLE  5 

Approximately  Equivalent  Mortar  Proportions  for  Magnesian  Cement 
AND  Monterey  Sand  by  Weight  and  by  Volume  of  Loose  Materials 


Proportions  by 
weight 

A 

Equ 

ivalent  proportions 
by  volume 

r 
Cement 

Monterey 
sand 

Cement 

Monterey 
sand 

1 

4 

1 

2.3 

1 

6 

1 

3.4 

1 

8 

1 

4..5 

1 

10 

1 

5.6 

Table  6  gives  the  amounts  of  solution  required  by  different 
proportions  of  mortars  and  concretes  for  both  dry  and  fluid 
consistencies. 
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TABLE  6 
Amounts  of  Mixing  Solution  for  Magnesian  Cement  Mortars  axd 

Concretes 

Dry  mix;  icell  tamped 


Proportions 
by  weight 

Solution 

in  cubic 

centimeters 

per  1000  gm. 

dry  material 

Solution 

in  gallons 

per  cu.  ft. 

of  moulded 

stone 

Ic  :  4s 

130 

1.87 

Ic  :  6s 

129 

2.12 

Ic  :  8s 

123 

2.07 

]c  :  10s 

117 

1.78 

Ic  :  2s  :  4r 

94 

1.44 

Ic  :  3s  :  6r 

88 

1.34 

FJuid  mix;  not  tamped 

Ic  :  4s  187.5  2.76 

Ic  :  6s  182  2.81 


Absorption. — Absorption  tests  were  made  on  6-inch  pats  about 
1  inch  thick  and  on  the  broken  specimens  from  cross-bending 
tests.  Table  7,  on  page  30,  gives  the  results  of  individual  tests. 
Table  8  gives  a  summary  from  Table  1. 
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TABLE  8 
Average  Percentages  of  Absorption  of  Magnesian  Cement  Mortars 


Proportions 
by  weight 

Percentage 
of  moisture 

Percent; 
in 

Age  of  increase  in  weight 
terms  of  dry  weight 

1  day 

7  days 

28  days 

Ic  :  4s 

5.8 

6.1 

6.2 

6.7 

Ic  :  6s 

6.4 

6.4 

6.1 

7.5 

Ic  :  8s 

9.1 

7.7 

7.2 

9.0 

Ic  :  10s 

8.6 

8.4 

8.4 

10.9 

No  absorption  tests  were  made  on  magnesian  cement  concrete. 

Effects  of  Exposing  Mortar  to  Steam.— Pats  of  standard  size, 
after  hardening  in  air  for  17  days,  were  held  for  three  hours 
in  an  atmosphere  of  steam  above  the  surface  of  boiling  water 
in  a  closed  boiler  at  atmospheric  pressure.  The  results  of  these 
boiling  tests  are  given  in  Table  9. 

TABLE  9 

Boiling  Tests  of  Standard  Pats  of  Magnesian  Cement  Mortars 

Age  17  Days 

Remarks 

Unaffected 

One  radial  check 

Eadial  checks;  slight  disintegration 

Eadial  checks;  slight  disintegration 

Eadial  checks;  complete  disintegration 

Eadial  checks;  complete  disintegration 

Eadial  cheeks;  complete  disintegration 

Eadial  checks;  complete  disintegration 

Pats  exposed  to  air  remained  unaffected,  except  that  those 
of  Ic  :  8s  and  Ic  :  10s  mixtures  readily  absorbed  moisture  from 
the  atmosphere  and  would  ' '  sweat ' '  during  muggy  weather.  Pats 
of  any  mixture  from  Ic  :  4s  to  Ic  :  10s,  after  having  become  fully 
set  in  air,  were  unaffected  by  subsequent  exposure  to  water  for 
one  month.  This  was  not  true,  however,  for  mortars  in  which 
sawdust  was  incorporated;  such  mortars  became  soft  to  a  very 
slight  depth,  but  only  on  their  "ungiazed"  or  top  surfaces. 

Boiling  tests  were  also  made  on  pats  6  inches  in  diameter  and 
1  inch  thick,  which  had  been  kept  in  air  for  92  days.  These 
pats  were  in  perfect  condition  before  exposure  to  steam.  Table 
10  gives  the  results. 


Pat  No. 

Proportion 
by  weight 

1 

Ic  :  4s 

2 

Ic  :  4s 

3 

Ic  :  6s 

4 

Ic  :  6s 

5 

Ic  :  8s 

6 

Ic  :  8s 

7 

Ic  :  10s 

8 

Ic  :  10s 
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TABLE  10 

Boiling  Tests  of  6-Inch  Pats  of  Magxesian  Cement  Mortars 

Age  92  Days 

Weight  Weight 
before                 after  Percent- 
Proportions       exposure,  exposure,  age  of 
Pat  No.       by  weight               gm.                     gm.  absorption       Remarks 

1  Ic  :  4s  352.1  359.8  2.2  Passed 

2  ]c  :  6s  547.1  556.8  1.8  Passed 

3  Ic  :  8s  540.0  560.0  5.7  Failed 

4  Ic  :  10s  511.0  526.3  3.0  Failed 


After  exposure  to  boiling,  the  edges  of  pats  1  and  2  could  be 
broken  off  with  one 's  fingers.  Pats  3  and  4  were  checked  radially 
for  1  inch  all  around  after  exposure  for  two  hours. 

Resistance  of  Mortars  to  Cross  Bending. — Two  sets  of  tests 
were  made :  Set  1  on  bars  of  size  1  x  2  x  20  inches,  which  had 
been  moulded  for  this  purpose;  Set  2,  on  a  number  of  miscel- 
laneous pieces  of  material,  gathered  at  the  factory  of  the  Western 
Magnesite  Company.  Since  all  these  specimens  had  been  fabri- 
cated previous  to  this  investigation,  there  were  no  data  as  to 
the  manner  of  moulding  or  consistency  of  the  various  mortars. 
The  bars  were  tested  to  determine  mainly  the  modulus  of  rupture. 

The  specimens  of  Set  1  were  tested  flatwise  on  an  18-inch 
span  in  a  Riehle  1000-pound  hand-power  cross-bending  machine. 
In  order  to  determine  approximately  the  modulus  of  elasticity, 
deflections  were  read  to  the  nearest  0.005  inch  by  means  of  the 
multiplying  pointer  attached  to  the  load-applying  head.  These 
deflections  were  read  for  load  increments  of  5  pounds,  ^n  sev- 
eral cases  only  three  to  four  center  deflection  readings  were 
possible  before  failure  of  the  specimen  occurred.  The  results  are 
given  in  Table  11.  The  broken  halves  of  these  specimens  were 
tested  flatwise  on  a  6-inch  span  in  an  Olsen  30,000-pound  machine. 
In  these  secondary  tests  the  machine  loads  ranged  between  100 
pounds  and  200  pounds,  so  that,  though  the  machine  was  care- 
fully balanced,  these  small  breaking  loads  could  not  be  very 
accurately  determined.  The  values  of  the  modulus  of  rupture, 
however,  when  used  comparatively,  are  indicative  of  the  relative 
resistances  of  the  various  mortars  in  this  respect. 
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Very  little  was  known  about  the  age  or  ingredients  of  the 
specimens  of  Set  2.  They  were  of  chalky  gray  color  and  pre- 
sented a  clayey  fracture.  Some  remnants  from  these  specimens, 
when  placed  in  water  for  absorption  tests,  became  ''mushy"  on 
their  unglazed  sides,  that  is,  on  those  sides  which  were  not 
moulded  against  oiled  plate  glass  or  other  smooth,  oiled  surfaces. 
Some  of  these  specimens  contained  sawdust,  others  a  filler  similar 
to  Puller's  earth.  All  specimens  were  at  least  several  months 
old.  These  tests  were  made  principally  to  determine  the  resist- 
ance of  the  ordinary  run  of  commercial  product.  The  results 
are  given  in  the  last  six  lines  of  Table  12. 


TABLE  11 

Cross-Bending  Tests  of  Magnesian  Cement  Mortars 


Bar 
No 

Proportions 
by  weight 

Specific 
gravity 

Weight, 
lb.  per 
cu.  ft. 

Age, 
days 

Modulus 
of  rupture, 
lb.  per 
sq.  in. 

Modulus 
of  elasticity, 
lb.  per  sq.  in. 

1 

Ic  :  4s 

1.91 

119 

14 

945 

2,665,000 

2 

Ic  :  4s 

1.88 

117 

14 

877 

1,290,000 

10 

Ic  :  4s 

1.93 

120 

28 

540 

1,925,000 

4 

Ic  :  6s 

1.81 

113 

14 

405 

1,259,000 

9 

Ic  :  6s 

1.91 

119 

28 

392 

1,625,000 

6 

Ic  :  8s 

1.91 

119 

14 

337 

892,000 

7 

Ic  :  8s 

1.83 

114 

14 

270 

840,000 

11 

Ic  :  8s 

1.95 

122 

28 

330 

763,000 

5 

Ic  :  10s 

1.59 

99 

14 

202 

447,000 

8 

Ic  :  10s 

1.79 

112 

14 

270 

1,020,000 

12 

Ic  :  10s 

1.82 

114 

28 

243 

804,000 

OTE.- 

— The  bars  in 

Table  11  were  1  x  2  x  20 

inches. 

They  were 

all  tested  flatwise 

on  an  18-inch  span  in  a  Riehle  1000-pound  hand-power  cross-bending  machine.  Loading 
was  slowly  applied;  center  deflections  were  read  for  5-pound  increments.  All  bars 
while  aging  were  stored  in  air  at  a  temperature  ranging  between  40°   and  50°  F. 
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TABLE  12 
Cross-Bending  Tests  of  :Magnesian  Cement  Mort.\rs 


Bar 

No. 

Proportions 
by  weight 

Specific 
gravity 

Weight, 
lbs.  ])er 
cu.  ft. 

Age. 
days 

Span, 
inches 

Modulus 

of  rupture. 

lb.  per 

sq.  in. 

1 

Ic  ; 

;  4s 

1.91 

119 

14 

6 

1012 

] 

IC  : 

:  4s 

1.91 

119 

14 

6 

1512 

2 

le  : 

:  4s 

1.88 

117 

14 

6 

1192 

2 

Ic  : 

4s 

1.88 

117 

14 

6 

1080 

3 

Ic  : 

:  6s 

1.86 

116 

14 

6 

450 

3 

le  : 

6s 

1.86 

116 

14 

6 

337 

4 

Ic  : 

:  6s 

1.81 

113 

14 

C 

■    562 

4 

Ic  : 

6s 

1.81 

113 

14 

6 

607 

6 

Ic  ; 

;  8s 

1.91 

119 

14 

C 

621 

C) 

Ic  : 

8s 

1.91 

119 

14 

6 

472 

7 

Ic  ; 

;  8s    ■ 

1.83 

114 

14 

6 

1012 

7 

Ic  : 

:  8s 

1.83 

114 

14 

6 

900 

5 

Ic  ; 

;  10s 

1.59 

99 

14 

6 

450 

5 

Ic  : 

10s 

1.59 

99 

14 

6 

553 

8 

Ic  : 

:  10s 

1.79 

112 

14 

6 

1026 

8 

Ic  : 

10s 

1.79 

112 

14 

6 

990 

13 

1.36 

1.53 

11  1.59 

85 
95 
99 

180'^ 
180-' 
150* 

7 

8 

12 

750 

14 

824 

15 

-1-3 

orl-!: 

645 

16 

( 

1.58 

99 

150* 

12 

840 

17 

i 

1.71 

107 

150* 

12 

1038 

18 

I 

1.57 

98 

150* 

12 

772 

19 

i 

1.69 

106 

150* 

12 

1008 

20 

i 

1.69 

106 

150* 

12 

903 

Remarks 


Bldg.  brick  1%  x  3  x  8i/>  in. 
Flooring  II/2  x  4i/^  x  10  in. 

Bklg.  material  from  Knights 
of  Eod  Branch  Bldg.,  S.  F. 

Bldg.  material  2  x  3  x  15  in. 

about 
Bldg.  material  2  x  3  x  15  in. 

about 
Bldg.  material  2  x  3  x  15  in. 

about 
Bldg.  material  2  x  3  x  15  in. 

about 
Bldg.  material  2x3x15  in. 

about 

y 
^  All  bars  were  tested  in  an  Olsen   30,000-pound  machine  with  friction  drive,  speed  0.018  inch  per 
minute. 

2  About  Ic  :  3s  or  Ic  :  2I/2S. 
^  About    180  days. 
"  About   150  days. 


Tensile  Strength  of  Mortar  Briquettes. — Tests  were  made 
on  proportions  Ic  :  4s,  le  :  6s,  Ic  :  8s,  and  Ic  :  10s  by  weight,  at 
ages  of  1,  3,  7,  14,  and  28  days.  Monterev  sand  was  used  in  all 
specimens.  The  consistency  of  mixture  was  what  might  be  called 
''crumbly".  No  fluid  mixes  were  made.  All  briquettes  were 
tamped  by  hand  with  a  6-inch  bolt.    The  results  of  briquette  tests 


Vol.1]  Alvarez. — Magncsian  Cement  Mortars  and  Concretes.       85 

jii'o  iziveii  in  Table  l-S.  on  pa^es  35.  86,  87.  Curves  ^'ivinjr  the 
average  rate  of  increase  in  strength  with  age  are  given  on  Plate  4. 
The  percentage  of  solution  in  Table  18  means  the  ratio  of  its 
weight  to  that  of  dr}^  material.  All  brKjuettes  were  stored  in 
air  at  about  an  average  temperature  of  50°  F.  There  was,  how- 
ever, considerable  variation  in  the  temperature  and  humidity 
of  the  atmosphere  to  which  various  groups  of  briquettes  were 
exposed,  since  purposely  there  were  no  facilities  provided  to 
produce  constant  temperature  and  humidity  conditions.  The 
exact  conditions  in  each  case  were  noted,  and,  when  taken  into 
consideration,  go  far  to  explain  the  variations  in  strength  which 
are  to  be  noted  in  Table  18.  for  briquettes  of  similar  mixtures 
and  ages.  These  conditions,  for  briquettes  of  ages  1  and  8  days, 
are  set  forth  in  Table  14.  This  data  show  clearly  the  extent  to 
which  low  temperature  retards  the  setting  and  hardening,  and 
hence  reduces  the  strength  of  magnesian  cement  mortars  at  early 
ages.  Pats  made  of  Ic  :  4s  mortar  required  more  than  24  hours 
to  set.  when  moulded  under  cover  at  a  temperature  of  41°  F. 
during  a  severe  drv  north  wind. 


TABLE  13 

Tensile  Strength  of  Standard  Briquettes  of  Magnesian  Cement 

Mortars 


riquette 

^0. 

Prciportions 
by  weight 

Percentage 
of  sohition 

Weight, 
gm. 

Age, 
days 

Strength 
lb.  per  sq.  in. 

31 

Ic 

:  4s 

17.7 

134.9 

199 

32 

Ic 

:  4s 

17.7 

129.5 

205 

33 

Ic 

:  4s 

17.7 

137.9 

202 

40 

IC  : 

:  4s 

17.7 

134.0 

231 

41 

Ic 

:  4s 

17.7 

133.9 

244 

42 

Ic  : 

:  4s 

1 7.7 

137.8 

229 

51 

Ic 

:  4s 

16.5 

134.0 

109 

52 

le 

:  4s 

16.5 

135.3 

116 

58 

Ic  : 

:  4s 

17  7 

135.2 

3 

387 

59 

le  : 

:  4s 

17  7 

134.8 

3 

389 

60 

Ic 

:  4s 

17  7 

133.2 

3 

410 

64 

le  : 

:  4s 

17  7 

133.7 

3 

342 

65 

le  ; 

:  4s 

17  7 

134.8 

3 

339 

66 

Ic  : 

:  4s 

17  7 

134.5 

3 

'361 

36 
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TABLE  13— 

{Continued) 

Briquette 
No. 

49 

Propo 
by  w 

Ic 

rtions 
eight 

4s 

Percentage 
of  solution 

17.4 

Weight, 
gm. 

324.0 

Age. 
days 

7 

Strength 
lb.  per  sq.  in 

410 

50 

Ic 

4s 

17.4 

124.0 

7 

397 

78 

Ic 

4s 

16.5 

133.3 

7 

409 

79 

Ic 

4s 

16.5 

334.2 

7 

413 

1 

Ic 

4s 

127.3 

14 

623 

2 

Ic 

4s 

125.1 

14 

557 

3 

Ic 

4s 

128.1 

14 

583 

10 

Ic 

4s 

130.0 

14 

270 

11 

]c 

4s 

130.6 

14 

368 

12 

Ic 

4s 

130.4 

14 

297 

70 

]c 

4s 

17.4 

123.6 

14 

419 

71 

Ic 

4s 

17.4 

123.7 

14 

417 

84 

Ic 

4s 

16.5 

134.8 

14 

395 

85 

Ic 

4s 

3  6.5 

132.9 

14 

397 

94 

Ic 

4s 

16.5 

330.9 

21 

433 

95 

3c 

4s 

3  6.5 

131.2 

21 

469 

4 

Ic 

4s 

123.2 

28 

371 

5 

Ic 

4s 

130.0 

28 

517 

13 

Ic 

4s 

131.4 

28 

425 

14 

Ic 

4s 

130.6 

28 

334 

15 

Ic 

4s 

129.8 

28 

328 

86 

Ic 

4s 

17.4 

125.2 

28 

542 

87 

Ic 

4s 

17.4 

122.7 

28 

556 

34 

Ic 

6s 

3  6.8 

132.5 

80 

35 

Ic 

6s 

16.8 

131.4 

78 

36 

Ic 

6s 

16.8 

333.1 

84 

37 

Ic 

6s 

16.8 

134.5 

146 

38 

]c 

6s 

3  6.8 

140.3 

3  57 

39 

Ic 

6s 

16.8 

142.9 

3  72 

53 

Ic 

6s 

16.3 

131.7 

52 

54 

Ic 

6s 

16.3 

130.9 

56 

61 

Ic 

6s 

16.8 

133.0 

3 

^306 

62 

3c 

6s 

16.8 

132.2 

3 

278 

63 

Ic 

6s 

16.8 

134.4 

3 

278 

67 

Ic 

6s 

16.8 

3  26  7 

3 

254 

68 

Ic 

6s 

16.8 

135.0 

3 

258 

69 

]c 

6s 

16.8 

133.4 

3 

253 

47 

Ic 

6s 

15.2 

131.5 

7 

287 

48 

3c 

6s 

15.2 

130.1 

7 

287 

80 

Ic 

6s 

16.3 

130.0 

7 

253 

81 

Ic 

6s 

16.3 

129.9 

7 

229 

21 

Ic 

6s 

3  32.9 

14 

243 

22 

Ic 

6s 

130.0 

14 

249 

72 

Ic 

6s 

15.2 

129.7 

14 

272 

73 

3c 

6s 

15.2 

129.9 

14 

283 

23 

Ic 

6s 

332.3 

28 

329 
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TABLE  n— {Concluded.) 

Briquette      Proportions     Percentage        Weight,  Age,          Strength 

No.  by  weight  of  solution             gm.  days       lb.  per  sq.  in. 

24  Ic  :  6s  131.5  28  300 

25  Ic  :  6s  130.3  28  315 

88  Ic  :  6s  15.2  131.0  28  369 

89  Ic  :  6s  15.2  126.7  28  342 
56  Ic  :  8s  15.4  131.6  1      25 

45  Ic  :  8s  13.7  125.2  7  181 

46  Ic  :  8s  13.7  129.2  7  192 

82  Ic  :  8s  15.4  130.4  7  140 

83  Ic  :  8s  15.4  130.3  7  152 

7  Ic  :  8s  124.4  14  157 

'26  Ic  :  8s  128.5  14  219 

27  Ic  :  8s  128.4  14  211 

74  Ic  :  8s  13.7  126.1  14  206 

75  Ic  :  8s  13.7  126.1  14  204 

8  Ic  :  8s  124.1  28  138 

9  Ic  :  8s  125.5  28  141 

28  Ic  :  8s  127.8  28  271 

29  ]c:8s  126.7  28  249 

30  Ic  :  8s  126.8  28  270 

90  Ic  :  8s  13.7  125.8  28  304 

91  Ic  :  8s  13.7  129.4  28  280 

43  Ic  :  10s  13.4  127.2  7  126 

44  Ic  :  10s  13.4  120.7  7  141 

16  Ic  :  10s  128.1  14  113 

17  Ic  :  10s  130.0  14  121 

76  Ic  :  10s  13.4  124.2  14  148 

77  Ic  :  10s  13.4  126,6  14  175 

18  Ic  :  10s  128.4  28  165 

19  Ic  :  10s  127.4  28  172 

20  Ic  :  10s  127.4  28  145 

92  Ic  :  10s  13.4  124.0  28  246 

93  Ic  :  10s  13.4  127.0  28  242 

Note. — The    briquettes    in    Table    13    were    tested    in    a    Fairbanks    automatic    shot 
machine,  rated  so  as  to  apply  a  load  at  the  rate  of  600  pounds  per  minute. 
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TABLE  14 

Conditions  of  Exposure  for  Briquettes  of  Magnesian  Cement  Mortars 

AT  Early  Ages 

Averagre 
Brifiuette         Age,    Proportions   strength  Conditions  of  exposure 

No.  Nos.  days      by  weight  lb.  per  sq.  in. 

1  31,32,33         1  ]c:4s         202         56°  F.,  raining 

2  40  41,42         1  Ic  :4s         235         Kept  in  warmer  and  dryer 

room  than  those  of  No.  1 

3  51,52  1  Ic  :  4s         112         50°  F.,  cold  north  wind 

4  34,35,36         1  lc:6s  80         56°  F.,  raining 

5  37,38,39         1  Ic  :  6s         158         Kept  in  warmer  room  than 

those  of  No.  4 

6  53,54  1         Ic  :  6s  54         50°  F.,  cold  north  wind 

7  58,  59,  60         3         Ic  :  4s         395         Abont  65°   F.,  favorable 

atmosphere 

8  64,65,66         3         Ic  :  4s         347         Abont  54°  P.,  less  favorable 

atmosphere  than  for  those 
in  No.  7 

9  61,62,63         3         Ic  :  6s         287         Favorable  atmosphere 

10         67,68,69         3         Ic  :  6s         255         Temperature  lower  than  for 

those  in  No.  9 


Variations  in  strength  in  Table  13  for  briqnettes  of  similar 
a^^es  and  proportions  are  attribnted  mainly  to  variations  in  tem- 
perature and  humidity  exposure.  A  fall  of  temperature  from 
65°  to  50°  F.  produces  marked  decreases  in  the  one-day  and 
three-day  strengths. 

Compressive  Strength  of  Mortar  Cubes. — Two-inch  cubes 
were  moulded  out  of  IMonterey  sand,  using  proportions  lc:4s, 
Ic  :  6s,  Ic  :  8s,  and  Ic  :  10s.  Tests  were  made  at  ages  of  7,  14, 
and  28  days.  Separate  sets  of  specimens  Avere  made  of  dry  and 
fluid  mixes  for  proportions  Ic  :  4s  and  Ic  :  6s.  The  mortar  of 
th(^  dry  mixture  was  tamped  in  half-inch  layers  with  a  1-inch 
square  hardwood  stick  previously  dipped  into  solution  to  prevent 
absorption  of  liquid  from  the  mortar.  The  specimens  were 
moulded  on  a  wooden  table  covered  with  oiled  oilcloth.  The 
surface  of  mortar  which  set  against  oilcloth  Avas  just  as  smooth 
and  hard  as  that  moulded  on  oiled  plate  glass  and  it  had  the 
same  glazed  appearance.  Fluid  mixtures  were  poured  heaping 
full  into  the  moulds;  the  tops  of  such  cubes  were  scraped  off 
smooth  with  a  straight-edge  after  the  material  had  settled  for  a 
few  hours. 
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All  specimens  were  tested  in  a  Riehlo  60,000-pound  testing 
machine  without  any  cushioning,  pressure  being  brought  uni- 
formly over  their  moulded  faces  by  means  of  a  spherical  seated 
base  plate.  All  failures  were  noiseless.  The  results  of  these 
tests  are  given  in  Table  15,  on  page  39.  Curves  showing  approx- 
imately the  rate  of  increase  of  strength  with  age  are  shown  on 
Plate  4. 


TABLE 

15 

;OMPR 

ESSK 

)N  Tests  or 

2- Inch 

Cubes  of  Magx 

ESIAN 

Cement 

Cube 
No. 

Propor- 
tions by 
weight 

Percent- 
age of 
solution 

Weight, 
gm. 

Specific 
gravity 

Weight, 
lb.  per 
cu.  ft. 

Age, 
days 

Crushin 
load,  lb, 

1 

Ic 

:  4s 

17.4 

264.7 

2.013 

126.0 

7 

13,300 

2 

Ic 

:  4s 

17.4 

261.0 

1.985 

124.1 

7 

15,000 

12* 

Ic 

:4s 

23.1 

248.0 

1.890 

118.1 

7 

15,800 

13* 

Ic 

:  4s 

23.1 

254.7 

1.946 

121.5 

7 

15,520 

9 

Ic 

:  4s 

16.5 

263.8 

2.010 

125.6 

14 

16,300 

10 

Ic 

:  4s 

16.5 

262.0 

1.997 

124.8 

14 

19,300 

11 

Ic 

:4s 

]6.5 

261.2 

1.990 

]24.4 

14 

17,200 

24* 

le 

:  4s 

23.1 

252.3 

1.923 

120.2 

14 

16,120 

25* 

]c  : 

:  4s 

23.1 

251.5 

1.916 

]19.8 

14 

14,640 

16 

]c 

:  4s 

17  A 

267.7 

2.075 

127.4 

28 

18,400 

17 

Ic 

:4s 

17.4 

265.1 

2.039 

126.2 

28 

18,420 

3 

Ic 

:  6s 

15.2 

259.6 

3.883 

123.3 

7 

12,020 

4 

Ic 

:  6s 

15.2 

261.2 

1.875 

119.0 

7 

11,970 

14* 

Ic 

:  6s 

22.4 

248.0 

1.890 

118.1 

7 

3,960 

15* 

Ic 

:  6s 

22.4 

254.7 

1.946 

121.5 

7 

3,910 

26* 

Ic 

:  6s 

22.4 

248.6 

1.894 

118.3 

14 

4,450 

27* 

Ic 

:  6s 

22.4 

248.1 

1.893 

118.4 

14 

4,500 

18 

]c 

:  6s 

15.2 

261.8 

1.994 

124.6 

28 

13,000 

19 

]c 

:  6s 

15.2 

260.8 

1.986 

124.1 

28 

15,020 

5 

]c 

:  8s 

13.7 

252.5 

1.891 

120.2 

7 

7,080 

6 

]c 

:  8s 

13.7 

255.2 

1.912 

121.4 

7 

8,370 

20 

Ic 

:  8s 

13.7 

252.8 

1.925 

120.4 

28 

11,330 

21 

Ic 

:  8s 

13.7 

251.5 

1.917 

119.8 

28 

11,600 

7 

Ic 

:  10s 

13.4 

251.7 

1.886 

119.7 

7 

5,250 

8 

Ic 

:  10s 

13.4 

251.7 

].886 

119.7 

/ 

4,830 

22 

Ic 

:  10s 

13.4 

249.9 

1.904 

119.0 

28 

7,160 

23 

Ic 

:  10s 

13.4 

248.6 

1.894 

118.4 

28 

7,900 

28 

Ic  : 

:  4s 

1185 

25,900 

29 

Ic 

:  4s 

1185 

22,600 

30 

Ic 

:  6s 

1185 

19,080 

Crushing 

load,  lb. 

per  sq.  in. 

3320 

3750 

3950 

3880 

4070 

4820 

4300 

4030  ' 

3660 

4600 

4600 

3000 

2990 

990 

970 
1110 
1120 
3250 
3750 
1770 
2090 
2830 
2900 
1310 
1200 
1790 
1970 
6500 
5650 
4770 


*  Fluid  consistency, 
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Summary  of  Table  15 


No.  of 
tests 

2 

Propor- 
tions by 
weight 

Ic  :  4s 

Percent- 
age of 
solution 

20.25 

Weight, 
gm. 

257.1 

Specific 
gravity 

1.959 

Weight, 
lb.  per 
cu.  ft. 

122.4 

Age, 
days 

7 

Crushing 
load,  lb. 

14,150 

Crushing 
load,  lb. 
per  sq.  in. 

3530 

3 

Ic  :  4s 

19.14 

258.2 

1.967 

123.0 

14 

17,600 

4400 

2 

]c  :  4s 

17.40 

266.4 

2.057 

126.8 

28 

18,410 

4600 

2 

Ic  :  6s 

18.80 

255.7 

1.899 

120.5 

7 

11,995 

3000 

2* 

Ic  :  6s 

22.4 

248.4 

1.894 

118.4 

14 

4,475 

1110 

2 

Ic  :  6s 

15.2 

261.3 

1.990 

124.4 

28 

14,010 

3500 

2 

Ic  :  8s 

13.7 

253.9 

1.902 

120.8 

7 

7,725 

1930 

2 

Ic  :  8s 

13.7 

252.2 

1.921 

120.1 

28 

11,465 

2860 

2 

Ic  :  10s 

13.4 

251.7 

1.886 

119.7 

7 

5,040 

1260 

2 

Ic  :  10s 

13.4 

249.3 

1.899 

118.7 

28 

7,530 

1880 

Note. — The  cubes  in  Table  15  were  tested  in  a  Riehle  60,000-pound  machine,  speed 
0.074  inch  per  minute,  their  moulded  faces  without  cushioning  sustaining  the  pressure. 

*  Fluid  consistency. 

Tests  were  also  made  on  6-inch  mortar  cubes  of  proportions 
Ic  :  4s,  Ic  :  6s,  Ic  :  8s,  and  Ic  :  10s,  at  ages  of  7  and  28  days.  The 
specimens  Avere  moulded  in  cast  iron  forms  placed  on  a  plane 
surface  covered  with  oiled  oilcloth.  The  mixture  for  two  of  these 
specimens  was  of  fluid  consistency.  All  specimens  of  dry  mix 
were  vigorously  rammed  in  1-inch  layers  with  the  3x4  inch  flat 
base  of  a  7-pound  metallic  tamping  rod.  These  specimens  were 
tested  in  an  Olsen  200,000-pound  universal  testing  machine,  their 
moulded  faces  cushioned  with  plaster  of  paris  or  blotting  paper 
sustaining  the  pressure.  A  spherical-seated  base  plate  was  used 
in  all  compression  tests.  All  failures  were  noiseless;  the  maxi- 
mum pressures  were  sustained  for  a  few  seconds  before  disin- 
tegration occurred.  The  results  are  given  in  Table  16,  on  page 
41,  and  are  plotted  on  Plate  4.  ^ 

Cubes  Nos.  28,  29,  and  30  in  Table  15  were  sawed  from  the 
ends  of  bars  2  x  2  x  42  in.  The  bars  had  been  made  for  the 
purpose  of  determining  the  coefficient  of  thermal  expansion  of 
these  mortars.  Because  of  slight  unevenness  of  the  bearing  sur- 
faces of  these  cubes,  blotting  paper  cushioning  Avas  used.  This 
cushioning  was  probably  inadequate  to  overcome  the  effects  of 
such  unevenness  under  the  large  loading  sustained.  Most  likely 
inequalities  in  this  unevenness  account  for  the  difference  in 
strength  between  the  two  Ic  :  4s  specimens. 

Hy  taking  averages  from  the  data  of  Tables  13  and  15,  it  is 
seen  that  the  ratio  of  tensile  to  compressive  strength  for  various 
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proportions  at  an  age  of  28  days  ranges  between  10.1  and  12.1 
when  the  mortars  are  made  with  Monterey  sand.  For  a  sand 
of  different  granulometric  composition  this  ratio  might  be  ap- 
preciably different. 


TABLE  16 

Compression  Tests  of  6-Inch  Cubes  of  Magnesian  Cement  Mortars 

Percent- 

Propor-        age  of  Weight,  Crushing 

Cube        tions  by        mixing  Weight,  Specific          lb.  per  Age,  Crushing  load,  lb. 

No.           weight            fluid  Ib.-oz.  gravity  cu.  ft.  days  load,  lb.  persq.  in. 

IV        Ic  :  4s         23.1  14-11  1.88  117.5  7  113,520  3150 

13  ]e:4s         13.7  16-41/,  2.08  130.2  28  193,800  5380 

2  le  :  4s         13.7  15-14  2.03  127.0  7  141,850  3540 

3  Ic  :  6s         14.8  15-15%  2.04  127.9  7  123,000  3410 
12^        Ic  :  6s         22.4  14-8^^  1.86  116.5  7  28,600  740 

14  Ic  :  6s         14.8  16-00  2.04  128.0  28  135,000  3750 

4  Ic  :  8s         16.4  15-121/2  2.02  126.2  7  58,800  1630=^ 
1          Ic  :  8s          15-5%  1.96  122.9  7  63,000  1750 

15  Ic  :  8s         16.4  15-8  1.98  124.0  28  101,000  2800 

5  Ic  :  10s       15.4  15-14  2.03  127.0  7  68,000  1880 

16  Ic  :  10s       15.4  15-10%  2.00  125.3  28  74,400  2060 

17         '          16-1  2.02  127.0  1  yr.?  140,000  3830 

4x3"  "          2-21/3  1.36  85.0  6  mo.?  33,700  2820 

Note. — The  cubes  in  Table  16  were  tested  in  an  Olsen  200,000-pound  machine,  speed  0.034  inch 

per  minute,  their  moulded  faces,  cushioned  with  blotting  paper  or  plaster  of  paris,  sustaining  the 
pressure. 

^  Liquid  mix. 

'  Poor  bearing  surface. 

^  85  per  cent  filler.     Solution,  magnesian  cement  and  sawdust. 

•*  Commercial  building  stone. 


Effects  of  Exposure  to  High  Temperature. — Some  mortar 
briquettes  and  2-inch  mortar  cubes  of  various  proportions  w^re 
subjected  for  one  hour  in  a  gas  muffle  furnace  to  constant  tem- 
peratures ranging  for  different  groups  of  specimens  from  300° 
to  1500°  F.  Temperatures  w^re  measured  with  a  Price  pyro- 
meter sensitive  to  a  change  in  temperature  of  20°.  None  of  the 
specimens  Avere  quenched.  After  heat  exposure,  those  specimens 
which  did  not  disintegrate  were  tested  in  tension  or  compression 
according  to  the  type  of  specimen.  The  results  of  these  tests 
are  given  in  Tables  17  and  18,  on  page  42.  All  specimens  that 
were  heated  to  1000°  F.  disintegrated. 
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TABLE  17— FIRE  TESTS 
Tensile  Strength  of  Standard  Briquettes  of  Magnesian  Cement  Mortars 


riquette 
No 

Propor- 
tions by 
weight 

Percent- 
age of 
solution 

Weight, 
gms. 

Age 

before 

heating, 

days 

Heated 
to 

Strength, 
lb.  per 
sq.  in. 

96 

]  c  :  4s 

17.2 

129.6 

38 

300° 

F.  712 

97 

Ic  :  4s 

17.2 

126.4 

38 

300 

694 

98 

Ic  :  4s 

17.2 

122.9 

50 

500 

435 

99 

Ic  :  4s 

17.2 

125.6 

50 

500 

467 

100 

Ic  :  4s 

17.2 

122.8 

50 

500 

480 

104 

Ic  :  4s 

17.2 

121.5 

54 

750 

417 

105 

Ic  :  4s 

17.2 

120.7 

54 

750 

536 

106 

Ic  :  4s 

17.2 

120.6 

54 

750 

535 

101 

Ic  :  6s 

16.3 

119.1 

50 

500 

343 

102 

Ic  :  6s 

16.3 

118.8 

50 

500 

355 

103 

Ic  :  6s 

16.3 

119.9 

50 

500 

359 

107 

Ic  :  10s 

11.7 

116.9 

54 

750 

192 

Remarks 
Chalky  white  in  color 
Chalky  white  in  color 
Light  brown  in  color 
Light  brown  in  color 
Light  brown  in  color 
Broke  on  tightening  arm 


Light  brown  in  color 

Light  brown  in  color 

Light  brown  in  color 

Edges  could  be  crumbled 
with  fingers 

108         Ic  :  10s       11.7         118.0         54         750         125         Edges  could  be  crumbled 

with  fingers 

TABLE  18— FIRE  TESTS 
Compressive  Strength  of  Cubes  of  Magnesian  Cement  Mortars 

Size       Age 

Propor-         Percent-  of  before  Strength, 

Cube         tions  by  age  of       Weight,      cube  heating,  Heated     lb.  per 

No.  weight  sohition  gm.  in.        days  to  sq.  in.  Remarks 

28  Ic  :  lOs  11.7  240.0  2  36  300°  F.  3580  Chalky  white  in  color 

29  Ic  :  10s  11.7  241.5  2  36  300         3740  Chalky  white  in  color 

30  Ic  :  4s  17.2  241.8  2  50  500         4980  Brownish  in  color 

31  Ic  :  4s  17.2  244.0  2  50  500         5217  Brownish  in  color 


From  Tables  13,  17,  18,  and  15  it  is  apparent  that  heating  to 
300°  F.  increases  the  strength  of  all  mortars ;  that*lc  :  4s  mortars 
may  be  heated  to  750°  F.  without  causing  any  appreciable  de- 
crease in  strength  below  that  of  similar  specimens  stored  in  air. 
Heating  a  Ic  :  6s  mortar  to  500°  F.  does  not  sensibl.y  decrease 
its  strength.  The  strength  of  a  Ic  :  10s  mortar  is  greatly  de- 
creased by  exposure  to  a  temperature  of  750°  F.  The  critical 
temperature  for  lean  mixtures  is  therefore  lower  than  for  rich 
mortars. 

Thermal  Conductivity. — Measurements  were  made  on  mortar 
blocks  2x2x6  inches  in  size  and  one  month  old.  The  results 
are  given  in  the  following  Table  19.  For  comparison,  similar 
values  are  given  for  glass  and  granite. 
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TABLE  ]9 
Specific  Heat  and  Thermal  Conductivity  of  iVrACNEsiAN  Cement 

Mortars 


Proportions 
by  weight 

Specific 
heat 

Thermal 
conductivity, 
gm.  calories 

per  sec. 

Ic  :  4s 

0.19 

0.0042 

Ic  :  6s 

0.20 

0.0045 

Granite 

0.005 

Glass 

0.0025 

Coefficient  of  Thermal  Expansion. — Tests  were  made  on  2  x  2 
X  40  inch  mortar  bars  of  Ic  :  4s  and  Ic  :  6s  proportions,  at  an 
age  of  about  three  years.  A  special  water-jacket  apparatus  was 
made  for  the  purpose.  Thermal  strains  were  measured  over  a 
gauge  length  of  40  inches  to  an  accuracy  of  0.0001  inch  by  means 
of  two  micrometers  attached  to  a  rigid  revolving  frame  which 
could  be  swung  into  position  so  that  micrometer  contacts  could 
be  made  electrically  with  hemispherical  metallic  plugs  attached 
to  the  ends  of  the  specimen.  The  temperatures  for  these  deter- 
minations ranged  between  55°  and  200°  F. 

The  coefficients  of  thermal  expansion  are  given  in  Table  20, 

TABLE  20 
Coefficients  of  Thermal  Expansion  for  Magnesian  Cement  Mortars 

Coefficient 

of  thermal 

Specimen      Proportions        Age,  expansion 

No.  by  weight         years  per  1°  F. 

1  Ic  :  4s  3  0.000  00     704 

1  Ic  :  4s  3  0.000  00     743 

2  Ic  :  4s  3  0.000  00     639 

2  Ic  :  4s  3  0.000  00     715 

Average,  0.000  00  700 

3  Ic  :  6s  3  0.000  00  669 

4  Ic  :  6s             3  0.000  00  643 
4                Ic  :  6s             3  0.000  00  594 

Average,  0.000  00     635 

Electrical  Conductivity. — This  varied  greatly,  depending  on 
the  amount  of  moisture  present.  Thoroughly  dry  specimens 
offered  a  great  resistance,  while  that  for  moist  specimens  was 
low.  The  electrical  resistance  of  Ic  :  4s  and  Ic  :  6s  mortars  is 
given  in  Table  21. 
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TABLE  21 

Electrical  Eesistance  of  Magnesian  Cement  Mortars 

Proportions 
by  weight  Age,  2  days  Age,  2  months,  dry  Age,  2  months,  wet 

Ic  :  4s       25,600  ohms  per  cc.       200,000,000  ohms  per  cc.       1,240  ohms  per  cc. 

1  c  :  4s       32,000  ohms  per  cc.       137,500,000  ohms  per  cc.  950  ohms  per  cc. 

Freezing  Tests. — Mortar  briquettes  of  various  proportions 
were  alternately  exposed  to  a  freezing  mixture  of  salt,  ice,  and 
water  of  temperature,  minus  25°  F.  for  fifteen  hours  and  then 
to  a  thawing  atmosphere  of  70°  F.  This  alternation  was  repeated 
ten  times,  after  which  the  briquettes  were  tested  in  tension.  The 
results  are  shown  in  Table  22. 

Surface  disintegration  appeared  on  the  Ic  :  10s  briquettes 
after  being  frozen  three  times ;  this  disintegration  progressed 
until  the  end  of  the  exposure.  Mixture  Ic  :  6s  showed  only  slight 
signs  of  such  disintegration.  No  deterioration  was  evident  on 
Ic  :  4s  mixtures. 

TABLE  22 

Tensile  Strength  of  Frozen  Briquettes  of  Magnesian  Cement  Mortars 

Age  2  Months 

Strength,  lb.  per  sq.  in. 

Briquette  No.  Average 

Proportions             ^ ^ ^  strength, 

by  weight                   1                2                3  lb.  per  sq.  in. 

Ic  :  4s      410    455    435      433 

Ic  :  6s      330    335    295      320 

Ic  :  10s     210    180    190      193 

There  were  no  tests  made  of  briquettes  exposed  to  normal 
conditions  for  two  months,  but,  judging  from  the  slopes  of  the 
curves  giving  28-day  strengths  on  Plate  4,  it  may  be  concluded 
that  alternate  freezing  and  thawing  does  not  decrease  the 
strength  more  than  10  per  cent. 

Constancy  of  Volume  of  Mortar  During  Setting. — This  was 
only  approximately  determined  in  the  following  manner:  A 
250  cc.  flask  was  filled  with  a  Ic  :  4s  mortar.  The  mixture  was 
worked  into  the  flask  under  considerable  pressure  so  as  to  leave 
no  room  for  its  expansion  without  breaking  the  glass.  During 
setting  there  was  no  evidence  of  expansion  or  contraction.    After 
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seven  days,  the  flask  was  exposed  to  a  temperature  of  230°  F. 
for  10  hours,  and  then  to  a  temperature  of  minus  25°  F.  for 
15  hours.  At  neither  temperature  could  any  great  change  in 
volume  be  detected.  Of  course,  such  a  test  was  at  best  only 
qualitative  in  its  indications,  but  its  results  were  sufficient  to 
show  that  there  was  no  such  appreciable  change  in  volume  during 
setting  as  in  plaster  of  paris,  for  instance. 

4.  MAGNESIAN  CEMENT  CONCRETES 

Compressive  Strength  of  6-inch  Cubes. — All  concrete  cubes 
were  of  a  dry,  well  tamped  mixture.  Tests  were  made  at  ages 
of  7  and  28  days  on  both  Ic  :  2s  :  4r  and  Ic  :  3s  :  6r  concretes. 
One  of  the  broken  stones  used  in  the  aggregate  was  an  indurated 
sandstone  closely  resembling  a  trap  in  physical  properties.  This 
rock  had  45  per  cent  of  voids  and  contained  particles  which 
passed  a  li/4-inch  and  were  held  on  a  %-inch  ring.  It  was  an 
ideal  stone  for  concrete  purposes.  The  other  stone  was  crushed 
granite  containing  considerable  mica.  It  was  probably  due  to 
this  mica  that  the  granite  concrete  was  weaker  than  the  sand- 
stone concrete.  All  failures  were  noiseless.  In  nearly  all  cases 
the  broken  stone  in  the  aggregate  was  sheared.  The  results  of 
these  tests  are  given  in  Table  23,  on  page  45,  and  are  plotted  on 
Plate  4. 

TABLE  23 

Compression  Tests  of  6-Inch  Cubes  of  Magnesian  Cement  Concretes 

Proportions  by  weight 


Percent-    Mag-  Weight,  Crushing 

Cube        age  of     nesian  Weight,        Specific  lb.  per  Age,  Crushing    loads,  lb. 

No.       solution  cement       Sand         Rock  Ib.-oz.  gravity         cu.  ft.  days       load,  lb.  per  sq.  in. 

6  12.1  1         2M.        4C.G.        17-12         2.27  142.0         7  176,800       4910 

8  11.7         1          2M.        4B.B.        18-5           2.34  146.5         7  195,800       5440 
10         10.6         1          2C.C.     4B.B.        18-31/2       2.33  145.8         7  194,300       5390 

17  12.1  1  2M.        4C.G.        17-121/0     2.27  142.3  28  200,000*     5530 

19  11.7         1          2M.        4B.B.        I8-21/2       2.32  145.3  28  200,000*     5530 
21         10.6         1         2C.C.     4B.B.        I8-31/2        2.33  145.8  28  200,000*     5530 

7  10.7         1  3M.        6C.G.        17-lli/>     2.26  141.8         7  142,400       3950 

9  10.5         1  3C.C.     6B.B.        18-4  2.33  146.0         7  160,000       4440 

18  10.7         1         3M.        6C.G.        17-1414     2.29  143.1  28  177,250       4920 

20  10.5         1         3C.C.     6B.B.       I8-414       2.34  146.3  28  193,000       5360 

M.  =  Monterey  sand;  C.C.  =  Contra  Costa  Construction  Company's  sand;  C.G.  =  crushed  granite, 
Vi-1  inch;  B.B.  =  Blake  &  Bilger  rock,  green,  hardened  sandstone   %-li4   inches  screened. 
*  Cubes  17.   19  and  21  exceeded  the  limit  of  the  machine. 
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5.  ELASTIC  PROPERTIES  OP  MAGNESIAN  CEMENT 
MORTARS  AND  CONCRETES  IN  COMPRESSION 

These  tests  were  made  on  cylinders  6  inches  in  diameter  by 
27  inches  high  to  determine  the  elastic  limit,  the  modulus  of 
elasticity  and  ultimate  resistance  of  ma.o'uesian  cement  mortars 
and  concretes. 

Preparation  of  Specimens. — Tests  were  made  at  the  age  of 
three  months  on  mortar  proportions  Ic  :  4s,  Ic  :  6s,  Ic  :  8s,  and 
Ic  :  10s  ;  on  concrete  proportions  Ic  :  2s  :  4r  and  Ic  :  3s  :  6r.  All 
proportions  were  determined  by  weight;  all  materials  were  dry 
before  mixing.  All  mixtures  were  of  a  dry,  crumbly  consistency, 
were  well  tamped  in  iron  moulds  with  ;i  hardwood  stick.  All 
mortars  were  made  with  Monterey  sand;  the  concretes,  with 
Contra  Costa  sand  and  a  crushed  indurated  sandstone  containing 
particles  passing  a  114-inch  and  retained  on  a  %-inch  ring.  This 
rock  contained  45  per  cent  of  voids.  All  specimens  were  stored 
in  air,  of  55°  F.  average  temperature  for  the  first  month  and 
60°  F.  temperature  thereafter  until  time  of  testing. 

Testing^. — The  cylinders  were  tested  in  an  Olsen  200,000- 
pound  universal  testing  machine.  Their  ends  were  cushioned 
with  plaster  of  paris  or  several  thicknesses  of  pasteboard,  accord- 
ing to  the  smoothness  of  these  surfaces.  Loading  was  applied 
in  constant  increments ;  compressive  strains  were  read  to  0.0001 
inch  with  an  Olsen  compressometer.  The  machine  was  stopped 
for  a  few  seconds  and  carefully  balanced  for  each  reading. 

The  results  of  these  elastic  tests  are  given  in  Table  24,  page 
47.  Stress-strain  curves  for  mortars  and  concretes  are  shown 
on  plates  5  and  6.  Plates  7  and  8  show  the  appearance  of  the 
cylinders  after  testing. 
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TABLE  24 
Elastic  Compression  Tests  of  Cylinders  of  Magnesian  Cement  Mortars 

AND  Concretes 


'vlinder 
'No. 

Size  of 
cylinder  in  in. 

Proportions 
by  weight 

Percent- 
age of 
solution 
by  weight 

Weight  of 

cylinder, 

Ib.-oz. 

Specific 
gravity 

Weight 

in  lb.  per 

cu.  ft. 

1 

6.-  diam.  x  27 

Ic  :  4s 

16.5 

57-05 

1.96 

122.3 

9 

6.-  diam,  x  27 

Ic  :  6s 

16.3 

56-11 

1.94 

121.0 

3 

6.-  diam.  x  27 

Ic  :  8s 

15.4 

57-10 

1.97 

123.0 

4 

6.-  diam.  x  27 

Ic  :  10s 

14.5 

57-05 

1.96 

122.3 

5 

6.-  diam.  x  27 

Ic  :  2s  :  4r 

11.7 

66-09 

2.27 

142.0 

.     6 

6.-  diam.  x  27 

Ic  :  3s  :  6r 

11.4 

66-10 

2.27 

142.0 

Elastic  Compression  Tests  of  Cylinders  of  Magnesian  Cement  Mortars 

AND  concretes 


Age, 
days 

Elastic 

limit 

Maximum 

f ^ 

lb. 

strength 

lb.  per 
sq.  in. 

Modulus 

of  elasticity, 

lb.  per 

sq.  in. 

Cylinder 
No. 

r 

lb. 

lb.  per 
sq.  in. 

1 

89 

108,000 

3600 

136,000 

4530 

2,755,000 

2 

86 

64,000 

2130 

104,000 

3470 

2,780,000 

3 

85 

54,000 

1800 

79,000 

2630 

2,076,000 

4 

90 

j  22,000 
(48,000 

730  ( 
1620J 

60,800 

2030 

j  2,405,000 

(1,370,000 

3,827,000 

5 

89 

100,000 

3330 

172,500 

5750 

6 

89 

100,000 

3330 

130,000 

4330 

2,755,000 

Note. — The  cylinders  in  Table  24  were  tested  in  an  Olsen  200,000-pound  machine, 
speed  0.035  inch  per  minute.     The  gage  length  was  25.25  inches. 


Mortars  gave  no  evidence  of  impending  failure  before  crush- 
ing; concretes  scaled  at  the  surface  due  to  local  incipient  shear 
before  the  final  crash  came.  The  Ic  :  4s  cylinder  broke  with  a 
sharp  report;  the  cylinders  of  leaner  mixtures  broke  with  de- 
creasing violence  down  to  the  Ic  :  10s  cylinder,  which  fell  apart 
noiselessly.  The  Ic  :  2s  :  4r  concrete  cylinder  snapped  with  a 
very  loud  report ;  the  Ic  :  3s  :  6r  cylinder  broke  suddenly,  but 
with  somewhat  less  violence.  In  both  concrete  specimens  the 
rock  aggregate  was  sheared. 
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6.  COIMPARISON  OF  CALCAREOUS  AND  MAGNESIAN 
CEMENT  MORTARS  AND  CONCRETES 

Tensile  Strength  of  Mortars. — This  comparison  is  drawn 
between  the  results  for  magnesian  cement  mortars  made  with 
Monterey  sand  and  those  for  Portland  cement  mortars  in  which 
standard  crushed  quartz  was  used  in  place  of  sand.  The  crushed 
quartz  mortar  tests  used  for  comparison  were  those  made  under 
the  direction  of  Mr.  W.  P.  Taylor  at  the  Philadelphia  Municipal 
Laboratories.  Their  results  are  shown  graphically  on  pag'e  99 
of  "Concrete,  Plain  and  Reinforced,"  by  Taylor  and  Thompson, 
1909  edition.  These  results  are  representative  of  a  large  number 
of  tests,  using  typical  American  Portland  cements.  Table  25, 
on  page  49,  summarizes  comparative  tensile  strengths  of  Portland 
and  magnesian  cement  mortars. 

In  this  comparison,  due  allowance  must  be  made  for  differ- 
ences in  conditions.  Different  sands  were  used.  It  is  a  know^n 
fact  that  the  tensile  strength  of  one  mortar  may  be  twice  as 
great  as  that  of  another,  due  entirely  to  variation  in  the  granu- 
lometric  composition  of  the  sands  used.  Tests  were  made  under 
standard  conditions  at  ages  of  7  and  28  days  for  both  Ic  :  li/os 
and  Ic  :  3s  proportions  of  Portland  cement  and  Monterey  sand, 
the  results  of  which  are  shown  in  Table  26.  These  indicate 
clearly  that  Monterey  sand  gives  a  w^eaker  mortar  than  standard 
crushed  quartz.  On  the  other  hand,  the  PortlaiJd  cement  mortar 
briquettes  were  moulded  without  tamping,  but  were  stored  in 
water  at  a  temperature  of  70°  F. ;  magnesian  cement  mortar 
briquettes  were  vigorously  tamped,  but  were  stored  in  air  at  an 
average  temperature  of  50°  F.  Any  difference  in  the  amount 
of  mixing  water  or  solution  used  in  the  mortars  of  these  two 
cements  would  be  too  small  to  have  appreciable  effect  on  the 
strength  at  age  of  28  days.  The  resultant  effect  of  these  different 
conditions,  it  is  believed,  would  not  place  either  material  at  a 
disadvantage.  The  large  amount  of  tamping  employed  in  mould- 
ing magnesian  cement  mortar  briquettes  would  overcome  the 
effects  of  fine  sand  and  low  temperature. 
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TABLP]  25 

Comparative  Strengths  of  Magnesian  and  Portland  Cement  Mortars 

IN  Tension,  Pounds  Per  Square  Inch 


Age, 
days 

Magnesian 
cement 
mortar 
Ic  :  4s 

Portland 
cement 
mortar 
Ic  :  2s 

Magnesian 
cement 
mortar 
Ic  :  6s 

Portland 
cement 
mortar 
Ic  :  3s 

7 

405 

370 

277 

210 

14 

437 

420 

309 

260 

28 

450 

460 

335 

300 

Age, 
days 

Magnesian 
cement 
mortar 
Ic  :  8s 

Portland 
cement 
mortar 

Ic  :  4s 

Magnesian 

cement 

mortar 

Ic  :  10s 

Portland 
cement 
mortar 
Ic  :  5s 

7 

165 

130 

128 

80 

14 

202 

175 

153 

110 

28 

235 

210 

185 

150 

Note. — Monterey  sand  was  used  in  all  magnesian  cement  mortars;  standard  crushed 
quartz  in  all  Portland  cement  mortars.     All  proportions  are  by  weight  of  dry  materials. 


TABLE  26 

The  Strength  of  Portland  Cement  Mortars  Using  Monterey  Sand, 

Pounds  Per  Square  Inch 

Proportions  by  weight 


Age 
1 

7 
28 


Neat 
346 
587 
681 


Ic    :    11/2  8 


Ic  :  3s 


266 
366 


112 
168 


Note. — Each  I'esult  is  the  average  of  four  briquettes. 


From  the  data  in  Table  25,  it  may  be  safely  concluded  that, 
other  conditions  being  the  same,  magnesian  cement  mortars  are 
as  strong  in  tension  as  Portland  cement  mortars  which  have, 
by  weight,  twice  as  much  cementing  material. 

Compressive  Strength  of  Mortars. — Since  no  compressive 
tests  were  made  on  mortars  of  Portland  cement  and  Monterey 
sand,  a  direct  comparison  between  the  two  cements  in  this  regard 
is  not  possible.  Other  tests,  however,  that  have  been  made  at 
the  laboratory,  on  4-inch  cubes  of  one  part  Portland  cement  to 
three  parts  by  weight  of  standard  sand,  give  a  compressive 
strength  at  age  of  28  days  of  3070  pounds  per  square  inch. 
These  cubes  of  Portland  cement  mortar  were  slightly  tamped 
with  a  wooden  ram  and  were  stored  in  water  at  a  temperature 
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of  70°  F.  The  average  strength  of  2-inch  and  6-ineh  magnesian 
cement  mortar  cubes  composed  of  one  part  by  weight  of  cement 
and  six  parts  by  weight  of  Monterey  sand,  at  an  age  of  28  days, 
is  about  3600  pounds  per  square  inch.  For  this  proportion  and 
age,  the  evidence  is  clear  that  in  compression  the  magnesian 
cement  mortar  is  stronger  than  a  Portland  cement  mortar  which 
has,  by  weight,  twice  as  much  cement. 

Since  the  ratio  of  compressive  and  tensile  strengths  of  mag- 
nesian cement  mortars  ranges  between  10.1  and  12.1,  since  the 
ratio  of  compressive  and  tensile  strength  of  Portland  cement 
mortar  in  which  standard  sand  is  used  is,  at  most,  about  10, 
and  since  Table  25  quite  conclusively  shows  the  relative  tensile 
strengths  of  mortars  containing  the  cements  in  question,  it  seems 
to  be  a  safe  conclusion  that,  for  various  proportions,  the  com- 
pressive strength  of  a  magnesian  cement  mortar  is,  at  the  age 
of  28  days,  as  great  as  that  of  a  Portland  cement  mortar  which 
has  twice  as  much  cement.  This  conclusion  applies  only  to 
mixtures  of  dry  or  normal  consistency.  Table  27  summarizes 
compressive  strengths  for  mortars  of  dry  consistency  well  tamped 
for  different  sizes  and  types  of  specimens. 


TABLE  2' 

7 

^■ERAGE 

Compressive 

Strengths  of  Magnesian  Cei 

VEENT  Mortars 

No. 

Type  of  1 

Proportions            Age, 
specimen           by  weight              days 

Compressive 

strength, 
lb.  per  sq.  in. 

1 

2-in.  cube 

Ic 

:  4s                28 

4600 

2 

2-in.  cube 

Ic 

:  6s               28 

3500 

3 

2-in.  cube 

Ic 

:8s               28 

2870 

4 

2-in.  cube 

Ic 

: 10s             28 

1880 

5 

6-in.  cube 

Ic 

:  4s               28 

5300 

6 

6-in.  cube 

Ic  : 

:  6s                28 

3800 

7 

6-in.  cube 

Ic 

:  8s               28 

2830 

8 

6-in.  cube 

Ic  : 

:  10s             28 

2050 

9 

6  X  27-in.  high 

cyl.           Ic 

:  4s               89 

4530 

10 

6  X  27-in.  h 

igh  cyl.            1  c  : 

:  6s               86 

3470 

11 

6  X  27-in.  high 

cyl.            Ic  : 

:  8s               85 

2630 

12 

6  X  27-in.  high 

cyl.           Ic  ; 

: 10s             90 

2030 
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Compressive  Strength  of  Concretes. — The  strengths  devel- 
oped by  magnesian  cement  concretes,  even  though  these  concretes 
were  of  a  dry  consistency  and  were  well  tamped,  are  verj^  high 
for  a  concrete.  Table  28  gives  summarized  averages  from  tables 
23  and  24,  together  with  the  strengths  of  Portland  cement  con- 
crete cubes  of  similar  proportions,  which,  however,  were  measured 
by  volume  instead  of  by  weight,  as  was  the  case  for  the  mag- 
nesian cement  concretes.  Furthermore,  the  Portland  cement 
concretes  were  of  medium  consistency. 


TABLE  28 

Comparative  Compressive  Strengths  or  Magnesian  and  Portland 

Cement  Concretes 
Magnesian  Cement  Concrete,  Dry  Tamped  Consistency 


No. 

Proportions 

by  weight 

Type  of 
specimen 

Age, 
days 

Compressive 

strength, 
lb.  per  sq.  in. 

1 

Ic  :  2s  :  4r 

6-iii.  cube 

7 

5250 

2 

Ic  :  2s  :  4r 

6-in.  cube 

28 

5530- 

3 

Ic  :  3s  :  6r 

6-iii.  cube 

7 

4200 

4 

Ic  :  3s  :  6r 

6-iii.  cube 

28 

5140 

5 

Ic  :  2s  :  4r 

6.-  k  27-iu. 

cyl. 

89 

5750 

6 

Ic  :  3s  :  6r 

6.-x27-iii. 

eyl. 

89 

4330 

Portland  Cement  Concrete,  Medium  Consistency 


So. 

Proportions 
by  weight 

Type  of 
specimen 

Age, 
days 

Compressive 

strength, 
lb.  per  sq.  in. 

1 

Ic  :  2s  :  4r 

6-in.  cube 

7 

1500 

2 

Ic  :  2s  :  4r 

6-iii.  cube 

30 

2500 

3 

Ic  :  2s  :  4r 

6-iii.  cube 

180 

3300 

4 

Ic  :  3s  :  6r 

6-in.  cube 

7 

1100 

5 

Ic  :  3s  :  6r 

6-in.  cube 

35 

1900 

6 

Ic  :  3s  :  6r 

6-in.  cube 

180 

2600 

*  Load  at  incipient  cracking.     At  this  load  the  capacity  of  the  testing  machine  was 
reached.     The  specimen  could  have  sustained  a  greater  load. 


Magnesian  cement  concretes  of  dry-tamped  consistency  at  the 
age  of  28  days  are  over  twice  as  strong  as  similarly  proportioned 
Portland  cement  concretes  of  medium  consistency.  This  ratio 
of  strengths  decreases  slightly  with  increase  in  age  of  specimens. 
For  similar  consistency,  proportions  by  weight  and  methods  of 
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moulding,  it  is  believed  that  the  magnesian  cement  concrete 
would  be  at  least  40  per  cent  stronger  than  Portland  cement 
concrete. 

Elastic  Qualities  of  Mortars  and  Concretes. — The  magnesian 
cement  concrete  6  x  27  inch  cylindrical  specimens  and  all  the 
6  X  27  inch  cylindrical  mortar  specimens,  except  that  of  Ic  :  10s 
mixture  when  tested  at  the  age  of  three  months  possessed  a  well 
defined  elastic  limit  which  ranged  from  0.6  to  0.8,  the  maximum 
strength  of  the  material.  An  examination  of  plates  5  and  6 
shows  that  these  products  have  a  much  more  constant  elastic 
resistance  in  compression  than  Portland  cement  mortars  and 
concretes.  As  far  as  these  tests  go,  they  indicate  that  these 
materials  have  a  definite  constant  modulus  of  elasticity,  which, 
for  the  concretes,  is  about  the  same  as  that  for  similar  mixtures 
and  ages  of  Portland  cement  products  between  compressive 
stresses  of  100  and  600  pounds  per  square  inch. 


7.  CONCLUSIONS 

1.  Since  the  natural  deposits  of  magnesite  are  of  compara- 
tively limited  occurrence  and  extent,  magnesian  cement  products 
can  never  come  into  competition  with  those  of  Portland  cement. 

2.  Magnesian  cement  could  be  manufactured  on  a  large  scale 
probably  more  cheaply  than  Portland  cement  for  four  reasons, 
namely:  (a)  Its  calcination  does  not  require  as  much  heat; 
(h)  it  does  not  need  to  be  ground  as  finely;  (c)  it  does  not  re- 
quire so  large  an  investment  for  plant;  (d)  the  by-product, 
carbon  dioxide,  can  be  sold  at  a  profit. 

3.  The  chief  use  of  artificial  building  stone  containing  mag- 
nesian cement  as  the  binder  is  for  interior  trim  and  flooring. 
It  costs  less  than  marble,  but  it  has  not  the  lasting  ornamental 
appearance  which  a  good  marble  possesses. 

4.  The  successful  manufacture  of  such  artificial  building  stone 
requires  skilled  workmen,  carefully  controlled  factory  conditions 
and  well  selected,  clean  aggregates. 

5.  The  amount  of  liquid  used  in  tempering  greatly  affects  the 
strength  of  magnesian  cement  mortars  at  early  periods,  especially 
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for  the  leaner  mixtures.  At  the  age  of  14  days  a  1  to  6  fluid 
mix  is  only  about  32  per  cent  as  strong  in  compression  as  a 
similar  well-tamped  dry  mix.  It  should  be  noted  that,  in  actual 
practice,  a  fluid  consistency  is  always  used  in  order  to  float  the 
mortar  readily  and  smoothly. 

6.  Due  to  the  comparatively  low  specific  gravity  of  magnesian 
cement,  the  ratio  of  cement  to  sand  by  volume  of  loose  materials 
is  about  twice  the  ratio  of  cement  to  sand  by  weight  for  a  given 
proportion  of  cement  and  sand  by  weight. 

7.  The  absorption  tests  indicate  that  mortars  normally  absorb 
from  the  atmosphere  a  considerable  percentage  of  moisture.  The 
leaner  the  mortar  the  more  moisture  it  absorbs  from  the  air. 
All  the  mortars  are  too  absorptive  to  be  used  for  exterior  building 
blocks  or  for  exterior  ornamentation.  To  withstand  the  weath- 
ering effects  of  freezing  a  stone  should  not  absorb  more  than  5 
per  cent  of  moisture  in  twenty-four  hours. 

8.  The  Ic  to  4s  mortar  is  the  only  one  which  satisfactorily 
passed  when  exposed  to  steam  at  atmospheric  pressure. 

9.  Magnesian  cement  mortars  have  considerable  resistance  in 
cross-bending  and  yield  considerably  before  rupture  occurs. 

10.  Temperatures  of  45°  to  50°  F.  greatly  retard  the  time  of 
setting  and  the  rate  of  hardening  of  mortars. 

11.  All  mortars  that  set  and  harden  in  air  remain  sound; 
that  is,  there  is  no  tendencj^  for  the  mass  to  distort  due  to  vol- 
umetric changes. 

12.  The  ratio  of  compressive  to  tensile  resistance  of  mortars 
lies  betw^een  10  and  12. 

13.  For  like  proportions  by  weight,  and  for  the  same  age  up 
to  28  days,  magnesian  cement  mortars  of  tamped  dry  consistency 
are  about  twice  as  strong  as  Portland  cement  mortars  of  normal 
consistency,  both  in  tension  and  in  compression. 

14.  Magnesian  cement  mortars  cannot  withstand  the  effects 
of  a  moderately  severe  fire.  The  Ic  to  4s  mixture  is  about  as 
fire  resistant  as  marble ;  leaner  mixtures  are  proportionately  less 
fire  resistant. 

15.  The  coefficients  of  thermal  conductivity^  of  Ic  to  4s  and 
Ic  to  6s  mortars  lie  between  those  for  o^lass  and  2:ranite. 
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16.  These  mortars  are  not  suited  for  electric  insulation  unless 
they  are  kept  perfectly  dr3^  It  has  already  been  mentioned  that 
they  readil^y  absorb  moisture  from  a  humid  atmosphere. 

17.  The  coefficient  of  thermal  expansion  for  these  mortars 
through  the  ordinary  range  of  atmospheric  temperatures  is  about 
the  same  as  for  Portland  cement  mortars. 

18.  For  like  proportions  by  weight  and  for  the  same  age  and 
consistency,  magnesian  cement  concretes  are  about  40  per  cent 
stronger  than  Portland  cement  concretes. 

19.  Magnesian  cement  mortars  and  concretes  when  subjected 
to  compression  at  the  age  of  three  months  have  a  well  defined 
elastic  limit  and  a  modulus  of  elasticity,  which  is  about  the 
same  as  for  corresponding  Portland  cement  products  under  low 
stresses. 

20.  An  inspection  of  various  buildings  in  San  Francisco  and 
vicinity  in  which  magnesian  cement  artificial  building  stone  has 
been  used  for  such  interior  trim  as  casings,  wainscoting,  etc., 
indicates  that  its  surface,  as  time  passes,  becomes  clouded  and 
dull.    In  this  respect  the  stone  is  inferior  to  a  first-class  marble. 


Transmitted  June  15,  1914. 
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Sieve  analyses  of  niagnesian  cement,  Monterey  sand  and  Contra  Costa 
sand. 
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PLATE  5 

Stress-strain  curves  for  nmguesian  cement  mortar  comjiression  cylinders. 
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PLATE  6 

Stress-strain  enrves  for  magnesian  cement  concrete  compression  cylinders. 
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PLATE  7 
Magnesian  cement  mortar  cylinders  after  compression  test. 
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PLATE  8 

MagiiesJan    cement    mortar   and    concrete   cyiinders   after   compression 
test. 
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TPIE    COMPRESSIVE    STJiENGTHS    OF 

PORTLAND  CEMENT  MORTARS  OF 

VARIOUS  PROPORTIONS 

BY 

ARTHUR  C.  ALVAREZ 


The  following  summaries  give  the  average  results  of  175 
compression  tests  on  2-ineh  cubes  of  Portland  cement  mortars 
which  varied  in  proportions  from  neat  cement  to  one  part  of 
cement  with  six  parts  of  sand  by  weight.  The  same  sand  was 
used  in  all  the  mixtures.  These  tests  were  made  at  the  Civil 
Engineering  Testing  Laboratory  of  the  University  of  California 
during  the  period  January-May,  1914. 

Cement.  The  following  results  of  a  cement  test  indicate  the 
quality  of  the  cement  used.  The  test  was  made  in  accordance 
with  the  methods  adopted  by  the  American  Society  for  Testing 
Materials. 

Brand.     Santa  Cruz  Portland  Cement. 

Specific  Gravity.     3.07. 

Fineness.     13%  rejected  by  No.  200  sieve; 
3.7%  rejected  by  No.  100  sieve. 
Time  of  Setting.     Initial  set,  3  hr.  0  min. 
Final  set,  5  hr.,  30  min. 
Percentage  of  water  required  for  normal  consistency.     22.0. 
Soundness.    Pats  satisfactorily  passed  ex])osure  to  air,  to  water  and 
to  steam. 
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Tensile  Strength  (lb. 

per  sq.  in.) 

No.                   24  hours 
Neat 

7  days 
Neat          1 

c  :  3  s* 

28  davs 
Neat          1  c  :  3  s* 

1                       355 

796 

327 

784              439 

2                       357 

755 

343 

758              390 

3                       342 

716 

301 

701             387 

Average        351 

756 

324 

748              405 

*  Standard  sand. 

Sand.  The  sand  used  in  these  tevSts  was  a  washed  siliceous 
material  from  the  shore  of  San  Francisco  Bay  at  Berkeley.  The 
sand  was  a  mixture  in  equal  parts  by  volume  of  so-called  sand 
and  top  gravel  from  the  stock  products  regularly  processed  by 
the  Contra  Costa  Building  Materials  Company. 

This  sand  had  33  per  cent  of  voids  and  weighed  104  lb.  per 
cu.  ft.  Its  gradation  in  s-ize  is  shown  by  the  following  sieve 
analysis : 

Sieve  Analysis  of  Sand 

Sieve  No.  Percentage  passing  Sieve  No.  Percentage  passing 

4                          98.0  50                          30 

10                         69.4  80                           4.4 

20                          53.0  100                            2.6 

30                          48.8  200                            1.0 


Two-inch  cubes  were  made  using  standard  sand  also,  the 
proportions  being  1  part  cement  to  3^parts  of  sand  by  weight. 

Moulding  and  Storage  of  Specimens.  All  mortars  were 
mixed  with  a  trowel  on  an  impervious  slate  slab.  Enough  water 
was  added  to  produce  a  plastic  consistency  as  for  stone  masonry. 
The  percentage  of  water  required  to  produce  this  consistency  to 
the  same  apparent  degree  for  each  proportion  is  given  in  the 
table  of  results.  The  standard  sand  cubes  were  made  of  normal 
consistenc3\  The  specimens  were  moulded  in  planed  cast  iron 
forms  without  bottoms.  The  mortar  was  pressed  into  the  mould 
with  the  thumb  and  carefully  trowelled  off  on  top  even  with  the 
form.  The  specimens  remained  in  the  moulds  for  two  days; 
they  were  then  kept  in  water  until  tested. 

Method  of  Testing.  The  tests  were  made  on  a  Riehle 
100,000-lb.  universal  testing  machine,  using  a  spherical  seated 
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base  plate.  Pressures  were  applied  directly  on  the  moulded  faces 
of  the  cubes  without  cushioning  these  with  plaster  of  Paris  or 
blotting  paper,  since  these  faces  were  very  smooth  and  even. 

The  averages  of  the  results  of  all  the  tests  are  given  in  the 
following  table  and  are  plotted  in  the  diagram. 

Compressive  Strengths  op  2-inch  Portland  Cement  Mortar  Cubes 


No. 

Proportions 

bv 

Weight 

Percentage 

of 

Water 

Age 
days 

Average  Maximum 

Strength, 

lb.  per  sq.  in 

Numb( 
of 

tests 

1 

Neat  cement 

22.0 

49 

10,080 

24 

2 

Ic  :  Is 

14.6 

49 

7,070 

24 

3 

1  c  :  2s 

12.5 

49 

4,670 

24 

4 

1  c  :  3  s 

12.1 

49 

2,860 

20 

5 

1  c  :  4  s 

12.5 

49 

1,800 

22 

6 

1  c  :  5  s 

12.2 

49 

1,245 

22 

7 

Ic  :  6s 

12.8 

49 

895 

20 

8 

1  c  :  3  s* 

*  Standard  sand. 

9.7 

49 

3,055 

19 

It  should  be  noted  that  the  strength  of  any  of  the  above 
mortars  when  used  in  a  comparatively  thin  joint  in  stone  or  brick 
masonry  construction  would  be  much  greater  than  the  strength 
of  such  a  mortar  when  tested  as  above  in  the  form  of  a  cube. 


PLATE  9 

The  Compressive  Strength  of  2-inch  Portland  Cement  Mortar  Cubes 

of  Various  Proportions 
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RAINFALL  DATA  OF  BERKELEY, 
CALIFORNIA 

BY 

WILLIAM  GARDNER  REED 


Published  rainfall  data  for  the  eastern  San  Francisco  Bay 
region  are  somewhat  scanty,  although  a  more  or  less  complete 
record  has  been  kept  by  the  University  of  California  since  1887, 
and  there  are  other  records  for  the  region.  Precipitation  has 
been  measured  at  Berkeley  at  least  once  each  day  since  the  estab- 
lishment of  the  meteorological  station  by  the  University  of  Cali- 
fornia in  1887.  For  about  five  years  the  measurement  was  made 
regularly  at  2  p.m.  and  later  at  8  a.m.  and  8  p.m.  ;  there  are,  there- 
fore, available  records  of  24  or  12  hour  amounts.  Measurements 
were  frequently  made  at  the  end  of  the  rain  or  during  rain,  and 
these  are  also  available,  although  the  practice  varied  from  time 
to  time.  In  addition  to  the  amounts,  the  duration  of  precipi- 
tation has  usually  been  recorded.  Reports  have  been  made  to  the 
United  States  Weather  Bureau  each  month,  which  have  always 
included  the  total  precipitation  for  the  month  and  the  maximum 
amount  in  twenty-four  consecutive  hours.  The  monthty  totals 
have  been  tabulated  in  various  summaries,  but  the  24-hour 
amounts  have  never  been  assembled,  although  published  at  the 
end  of  the  month.  There  are  no  published  data  of  intensity  of 
precipitation  in  the  region. 

Requests  for  rainfall  data  frequently  come  from  engineers 
and  others.  It  has,  therefore,  been  thought  desirable  to  assemble 
such  data  as  are  available  and  to  publish  them  for  the  infor- 
mation of  those  who  may  be  interested.    It  should  be  noted  that 
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while  the  record  kept  has  been  more  complete  than  is  required 
by  the  Weather  Bureau,  the  frequency  of  precipitation  measure- 
ments has  varied  with  the  individual  observers.  This,  of  course, 
makes  the  record  more  detailed  in  some  parts  than  in  others. 
But  it  may  be  stated  that  the  record  is  fairly  representative  of 
the  intensity  of  rainfall  at  Berkeley,  and  probably  also  for  the 
region  on  the  eastern  shore  of  San  Francisco  Bay.  Since  1911 
a  tipping-bucket  gage,  electrically  recording,  has  been  operated 
by  the  Department  of  Civil  Engineering,  but  the  record  is  not 
included  in  these  data  because  the  compilation  is  not  yet  com- 
pleted. It  is  hoped  that  the  data  from  the  recording  gage  may 
be  presented  at  an  early  date. 

University  of  California, 
Berkeley,  California, 
March  10,  1915. 
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TABLE  II 

Number  of  Days  With  Significant  Precipitation,  0.01  Inch  cr  More,  at  Berkeley, 

California,  1887-1914 

Compiled  from  observations  made  by  the  University  of  California  in  co-operation  with 

the  United  States  Weather  Bureau 


Year 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

►Seaso 

1887-88 

1 

0 

3 

0 

8 

8 

13 

8 

12 

4 

4 

5 

66 

1888-89 

0 

0 

2 

2 

9 

14 

4 

4 

16 

10 

10 

1 

72 

1889-90 

0 

0 

0 

12 

8 

24 

21 

14 

16 

5 

4 

0 

104 

1 890-91 

0 

0 

4 

0 

1 

8 

11 

18 

11 

10 

5 

2 

70 

1891-92 

2 

0 

6 

2 

4 

12 

9 

10 

11 

8 

10 

0 

74 

1892-93 

0 

0 

3 

4 

7 

11 

7 

8 

14 

7 

4 

0 

65 

1893-94 

0 

1 

3 

3 

10 

11 

12 

11 

7 

3 

7 

3 

71 

1894-95 

0 

0 

2 

5 

1 

18 

12 

5 

7 

5 

6 

0 

61 

1895-96 

1 

0 

4 

5 

7 

9 

15 

3 

11 

14 

6 

0 

75 

1896-97 

0 

2 

2 

3 

11 

11 

8 

12 

14 

3 

1 

3 

70 

1897-98 

0 

0 

3 

5 

7 

6 

9 

9 

3 

1 

6 

3 

52 

1898-99 

0 

2 

3 

6 

5 

5 

12 

1 

14 

6 

3 

1 

58 

1899-1900 

0 

0 

0 

9 

15 

12 

7 

5 

8 

7 

6 

1 

70 

1900-01 

0 

1 

2 

7 

8 

4 

13 

13 

3 

5 

5 

0 

61 

1901-02 

0 

1 

6 

7    ■ 

10 

5 

8 

15 

8 

10 

6 

0. 

76 

1902-03 

0 

0 

0 

6 

6 

11 

10 

5 

16 

5 

1 

0 

60 

1903-04 

0 

0 

0 

2 

12 

8 

5 

14 

18 

8 

1 

0 

68 

1904-05 

0 

1 

0 

3 

6 

9 

10 

5 

11 

5 

3 

0 

53 

1905-06 

0 

0 

0 

0 

9 

10 

13 

14 

17 

4 

8 

4 

79 

1906-07 

0 

2 

1 

0 

7 

11 

12 

9 

18 

2 

1 

3 

66 

1907-08 

0 

0 

1 

6 

1 

12 

11 

9 

5 

2 

5 

1 

53 

1908-09 

0 

0 

1 

3 

4 

7 

25 

15 

10 

1 

0 

0 

66 

1909-10 

0 

0 

3 

7 

11 

'lO 

13 

9 

8 

4 

1 

2 

68 

1910-11 

0 

0 

1 

2 

4 

3 

17 

11 

9 

4 

2 

2 

55 

1911-12 

0 

0 

0 

4 

3 

9 

12 

3 

6 

7 

6 

4 

54 

1912-13 

0 

0 

3 

5 

10 

6 

13 

8 

5 

5 

5 

0 

60 

1913-14 

2 

1 

0 

1 

17 

13 

16 

8 

3 

7 

6 

4 

78 

1914-15 

0 

0 

1 

4 

4 

14 

17 

19 

.... 

.... 

.... 

Averages 

0 

0 

2 

4 

7 

10 

12 

9 

10 

6 

5 

1 

66 

74 
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TABLE  IV 

Precipitation  of  Marked  Intensity  at  Berkeley,  California,  1887-1914 

Compiled  from  observations  made  by  the  University  of  California  in 
co-operation  with  the  United  States  Weather  Bureau 


January 

Duration  of  heavy  rain 

A 

fall 

Number 

of 

hours 

r 

Beginning 

A 

End 

A 

Amount  of 
precipita- 
tion, in. 

Year 

Date 

Hour 

Date 

Hour 

1888 

2nd 

2  p.m. 

3rd 

1  p.m.? 

23  ± 

1.94 

1894 

14th 

8  a.m. 

15th 

8  a,m. 

24 

3,70 

1895 

3rd 

5  p.m. 

4th 

2  p.m. 

21 

2,20 

1896 

17th 

2  p.m. 

18th 

DN  a.m. 

14± 

1.86 

1896 

19th 

5  p.m. 

20th 

6  a.m. 

13 

2.00 

1896 

26th 

8  p.m. 

27th 

6  p.m. 

22 

1.96 

1897 

31st 

11  a.m. 

Feb.  1st 

8  a.m. 

21 

1.86 

1899 

1st 

Ih  a.m. 

1st 

5  p.m. 

9^ 

1.25 

1899 

9th 

11  p.m. 

10th 

2  a,m. 

12* 

1.10 

1900 

1st 

noon 

1st 

8  p.m. 

8 

0.95 

1900 

2nd 

8  p.m. 

3rd 

8  a.m. 

12 

1,40 

1901 

6th 

DN  a.m. 

6th 

noon 

8± 

0.69 

1901 

6th 

noon 

6th 

4  p.m. 

4 

0.93 

1905 

24th 

8  a.m. 

24th 

5  p.m. 

9 

0.89 

1906 

12th 

DN  p.m. 

13th 

DN  a.m. 

8± 

0.94 

1907 

7th 

11  a.m. 

7th 

11  p.m. 

12 

1,02 

1907 

31st 

DN  p.m. 

Feb.  1st 

DN  a.m. 

8± 

1,32 

1908 

19th 

8  a.m. 

20th 

8  a.m. 

24 

1.85 

1909 

14th 

DN  p.m. 

15th 

DN  a.m. 

8± 

1.09 

1909 

19th 

2  p.m. 

20th 

2  a.m. 

12 

1.36 

1909 

24th 

6  a.m. 

24th 

45  p.m. 

10* 

0.86 

1909 

30th 

6  a.m. 

30th 

10^  a.m. 

4i 

0.51 

1910 

13  th 

3  p.m. 

13th 

9  p,m. 

6 

0.64 

1911 

13th 

7*  a.m. 

13th 

41  p.m. 

9 

0.88 

1911 

13th 

4J  p.m. 

14th 

8  a.m. 

15^ 

2.00 

1911 

27th 

6  p.m. 

28th 

8  a.m. 

14 

1.27 

1914 

1st 

DN 

2nd 

8  a.m. 

10± 

1.02 

1914 

11th 

DNp.m. 

12th 

8  p.m. 

20± 

2.28 

1914 

13th 

8  p.m. 

14th 

4  p.m. 

20 

1.46 

1914 

16th 

DN  p.m. 

17th 

8  p.m. 

22± 

1.59 

1914 

21st 

8  p.m. 

22nd 

6  a.m. 

10 

1.16 

1914 

23rd 

8  p.m. 

24th 

DN  a.m. 

8± 

1.32 

1915 

8th 

DN 

8th 

8  a.m. 

8± 

0.87 

1915 

11th 

noon 

11th 

2*  p.m. 

2* 

0.41 

Note. — DN  —  during  night. 
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TABLE  TV— {Continued) 
February 

Duration  of  heavv  rainfall 


B( 

^ginning 

A 

End            ^ 

Numl)er 

of 

hours 

Amount  of 

Year 

Date 

Hour 

Date 

Hour 

l)recMi)ita- 
tion,  in. 

1887 

3r(l 

2  p.m. 

4th 

2  p.m. 

24 

2.45 

1887 

4th 

2  p.m. 

5  th 

noon 

22 

3.10 

1891 

14th 

2  p.m. 

15th 

2  p.m. 

24 

4.16 

1895 

11th 

8  a.m. 

12th 

9  a.m. 

25 

2.12 

1897 

3rd 

4  a.m.? 

3rd 

8  a.m. 

4± 

0.59 

1897 

4th 

8  a.m. 

4th 

8  p.m. 

12 

1.58 

1898 

20th 

5i  p.m. 

20th 

]  1  p.m. 

5* 

0.93 

1898 

24th 

5  a.m. 

24th 

2  p.m. 

9 

1.05 

1901 

22nd 

8  p.m. 

23rd 

8  a.m. 

12 

1.38 

1902 

21st 

noon 

22nd 

?  a.m. 

16± 

1.40 

1902 

25th 

DN  a.m. 

25th 

noon 

10± 

0.94 

1903 

7th 

noon 

7th 

6  p.m. 

6 

0.90 

1904 

4th 

8  a.m. 

4th 

3*  p.m. 

7i 

0.89 

1904 

11th 

1  p.m. 

12th 

3J  p.m. 

265 

4.75 

1907 

1st 

DN  a.m. 

1st 

5  p.m. 

11± 

1.63 

1907 

2nd 

DN  a.m. 

2nd 

5  p.m. 

11± 

1.93 

1909 

2nd 

5  p.m. 

2nd 

7  p.m. 

2 

0.34 

1909 

2nd 

7  p.m. 

3rd 

8  a.m. 

13 

1.09. 

1909 

10  th 

8  p.m. 

11th 

8  a.m. 

12 

1.01 

1909 

12th 

midnight 

12th 

8*  a.m. 

8^ 

0.82 

1909 

12th 

8^  a.m. 

12th 

noon 

3* 

0.45 

1909 

20th 

4^  a.m. 

20th 

1  i  p.m. 

9 

1.10 

1914 

19th 

DN  p.m. 

20th 

8  p.m. 

20± 

1.79 

1915 

7th 

9  a.m. 

7th 

8  p.m. 

11 

1.06 

1915 

21st 

11  p.m. 

22nd 

DN  a.m. 

5± 

0.99 

'OTE. DN 

=  during  night. 
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TABLE  IV — (Continued) 
March 

Duration  of  heavy  rainfall 


r 

Beginning 

A 

End 

Number 

of 

hours 

Amount  of 
precipita- 
tion, in. 

Year 

Date 

Hour 

Date 

Hour 

1889 

13th 

2  p.m. 

14th 

3  p.m. 

25 

3.43 

1897 

27th 

noon 

28th 

8  a.m. 

20 

2.02 

1899 

loth 

12^  a.m. 

15th 

8  a.m. 

7i 

1.40 

1899 

15th 

8J  a.m. 

15th 

1  p.m. 

4^ 

0.80 

1899 

19th 

4  p.m. 

19th 

05  p.m. 

U 

0.63 

1899 

22iid 

IO5  a.m. 

22nd 

1  p.m. 

2i 

0.93 

1899 

22nd 

1  p.m. 

22nd 

2i  p.m. 

U 

0.47 

1899 

22nd 

2*  p.m. 

22nd 

4  p.m. 

li 

0.36 

1899 

22nd 

4  p.m. 

22nd 

8  p.m. 

4 

0.82 

1899 

23rd 

8i  p.m. 

23rd 

1  p.m. 

4* 

0.92 

1899 

23rd 

1  p.m. 

23rd 

4  p.m. 

3 

0.62 

1900 

4th 

DN? 

4th 

8  a.m. 

8± 

0.79 

1900 

7th 

10  p.m. 

8th 

8  a.m. 

10 

1.07 

1903 

4th 

1  p.m. 

.4th 

4  p.m. 

3 

0.65 

1903 

13th 

noon 

13th 

4  p.m. 

4 

0.82 

1903 

16th 

lOf  a.m. 

16th 

11^  a.m. 

f 

0.11 

1903 

27  th 

9  p.m. 

28th 

Hi  a.m. 

14* 

1.18 

1904 

9th 

3i  p.m. 

10th 

10  a.m. 

19i 

2.85 

1904 

16th 

4  p.m. 

16th 

7  p.m. 

3 

0.79 

1904 

16th 

7  p^.m. 

17th 

DN  a.m. 

9± 

1.44 

1906 

23rd 

8  a.m. 

23rd 

1  p.m. 

5 

0.82 

1906 

23rd 

1  p.m. 

23rd 

4f  p.m. 

3f 

0.70 

1906 

24th 

11^  a.m. 

24th 

li  p.m. 

2 

0.32 

1906 

30th 

DN 

30th 

8  a.m. 

10±: 

0.81 

1906 

31st 

DN  p.m. 

Apr.  1st 

DNa.m. 

8± 

1.27 

1907 

22nd 

midnight 

23rd 

DN  a.m. 

6± 

1.80 

1909 

20th 

DN  p.m. 

21st 

DNa.m. 

8± 

1.08 

1910 

19th 

10  a.m. 

19th 

5  p.m. 

7 

0.73 

1911 

6th 

10  a.m. 

6th 

5  p.m. 

7 

1.13 

1911 

6th 

5  p.m. 

7th 

8  a.m. 

15 

1.14 

1912 

11th 

DNp.m. 

12th 

8  a.m. 

9± 

1.02 

1914 

28th 

1^  a.m. 

28th 

noon 

10^ 

0.94 

NOTK. — DN  =  during  night. 
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TABLE  TV— {Continued) 
April 

Duration  of  heavy  rainfall 


Bes 

jinning 

A 

End               ^ 

A 

Number 

of 

hours 

Amount  of 

Year 

Date 

Hour 

Date 

Hour 

precipita- 
tion, in. 

1893 

5th 

noon 

5th 

8  p.m. 

8 

1.14 

1896 

23rd 

8  a.m. 

24th 

8  a.m. 

24 

2.48 

1899 

25th 

li  p.m. 

25th 

3  p.m. 

U 

0.50 

1901 

28th 

11  a.m. 

29th 

6^  a.m. 

19i 

2.06 

1906 

24th 

8f  a.m. 

24th 

9f  a.m.) 

2f 

0.64 

24th 

11  a.m. 

24th 

12f  p.m.j 

May 

1899 

31st 

4  a.m. 

31st 

7  p.m. 

15 

1.60 

1905 

1st 

1  p.m. 

2nd 

DN  a.m. 

14± 

2.16 

1905 

6th 

7  p.m. 

8th 

8  a.m. 

13 

1.02 

1906 

25th 

8  a.m. 

25th 

2  p.m. 

6 

1.00 

1906 

27th 

8  a.m. 

27th 

1  h  p.m. 

5i 

0.90 

June 
(No  record  of  precipitation  of  marked  intensity) 

July 
(No  record  of  precipitation  of  marked  intensity) 


August 

1896 

30th 

1  a.m.? 

30th 
September 

8  a.m. 

7 

1894 

29th 

8  a.m. 

29th 

6  p.m. ) 
8a.m.( 

1  ± 

1894 

30th 

4  a.m. 

30th 

14 

1901 

22nd 

10  p.m. 

23rd 

3  a.m.? 

5 

1904 

22nd 

8  p.m. 

23rd 

7  a.m. 

11 

1904 

23rd 

8  a.m. 

23rd 

noon 

4 

1912 

6th 

DN  a.m. 

6th 

If  p.m. 

10 

0.84 


1.60 

0.89 
1.72 
0.42 
0.90 


Note. — DN  =  during  night. 
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TABLE  TV—(Conti7iued) 
October 


Duration  of  heavy  rainfall 

Number 
of 

Beginning- 

Er 

A 

id 

Amount  of 
precipita- 

Year 

Date 

Hour 

Date 

Hour 

hours 

tion,  in. 

1889 

7th 

DN  a.m. 

7th 

2  p.m. 

10± 

0.96 

1892 

8th 

6  p.m. 

8th      midnight 

6 

0.78 

1892 

16th 

2  a.m. 

16th 

10  a.m. 

8 

0.92 

1894 

18th 

2  a.m. 

18th 

7  a.m. 

5 

0.75 

1894 

19th 

8  p.m. 

20th 

noon 

16 

1.56 

1894 

21st 

4  a.m. 

21st 

85  a.m. 

4i 

0.88 

1896 

26th 

11  a.m. 

27th 

7  a.m. 

20 

1.85 

1897 

23rd 

2  a.m. 

23rd 

8  a.m. 

6 

1.64 

1897 

23rd 

8  a.m. 

23rd 

11  a.m. 

3 

0.40 

1899 

20th 

7  a.m. 

21st 

7i  a.m. 

241 

3.20 

1904 

10th 

DN  p.m. 

11th 

DN  a.m. 

8± 

1.10 

1912 

25th 

4^  a.m. 

25th 

61  a.m. 

2 

0.29 

1913 

31st 

5  p.m. 

31st 

November 

8  p.m. 

3 

0.36 

1892 

29th 

11  a.m. 

30th 

noon 

25 

1.99 

1894 

27th 

2  a.m. 

27th 

9  a.m. 

7 

1.35 

1896 

8th 

11  pt.m. 

9th 

Si  a.m. 

91 

0.96 

1896 

23rd 

8  a.m. 

24th 

8  a.m. 

24 

2.21 

1898 

19th 

2?  a.m. 

19th 

65  a.m. 

4 

0.52 

1899 

10th 

5  a.m. 

10th 

11  a.m. 

6 

1.00 

1899 

19th 

11  p.m. 

20th 

4  a.m. 

5 

1.15 

1900 

15th 

10*  p.m. 

16th 

DN  a.m. 

5± 

1.00 

1900 

16th 

5^  p.m. 

17th 

DN  a.m. 

11± 

1.24 

1900 

20th 

noon 

21st 

8  a.m. 

16 

1.99 

1901 

15th 

4  a.m. 

15th 

Sia.m.? 

11? 

0.22 

1901 

20th 

12f  p.m. 

20th 

midnight 

lU 

1.06 

1902 

9th 

9  a.m. 

10th 

7  a.m. 

22 

2.01 

1902 

18th 

noon 

18th 

65  p.m. 

61 

0.57 

1903 

4th 

DN  a.m. 

4th 

?  a.m. 

10± 

0.99 

1903 

19th 

8  p.m. 

20th 

7  p.m. 

23 

2.47 

1904 

14th 

8  p.m. 

15th 

DN  a.m. 

8± 

0.77 

1909 

8th 

4  p.m. 

9th 

DN  a.m. 

12± 

1.10 

1912 

5th 

8  p.m. 

6th 

8  p.m. 

24 

2.39 

1913 

18th 

2  a.m. 

18th 

2  p.m. 

12 

1.40 

1913 

26th 

8  p.m. 

27th 

DN  a.m. 

10± 

1.00 

Note. — DN  =  during  night. 
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TABLE 

1  lY— (Concluded) 
December 

Duration  of  heavy  rainfall 

A 

Number 

of 

hours 

r 

Beginning 

A 

End 

A 

Amount  of 
precipita- 
tion, in. 

Year 

Date 

Hour 

r                                            > 

Date            Hour 

1892 

2nd 

3  a.m. 

2nd      midnight 

21 

2.96 

1893 

21st 

1  a.m. 

21st            8  a.m. 

7 

0.73 

1894 

9th 

2  a.m. 

9th            1  p.m. 

11 

1.39 

1897 

7th 

11  a.m. 

7th            9  p.m. 

10 

1.88 

1900 

16th 

4  a.m.? 

16th           noon 

8 

0.86 

1901 

loth 

4  a.m. 

loth          oi  a.m. 

li 

0.22 

1901 

20th 

12f  p.m. 

20th      midnight 

Hi 

1.06 

1902 

25th 

6  p.m. 

26th            8  a.m. 

14 

1.19 

1904 

30th 

10  a.m. 

30th          4f  p.m. 

6f 

1.00 

1906 

7th 

DN  p.m. 

8th            8  a.m. 

10± 

1.32 

1906 

11th 

DN  a.m. 

11th          4*  p.m. 

12± 

1.62 

1907 

6th 

y  a.m. 

6th        12i  p.m. 

3i 

0.41 

1907 

10th 

9  a.m. 

10th            2  p.m. 

5 

0.62 

1908 

4th 

2  p.m. 

4th            4  p.m. 

2 

0.63 

1912 

loth 

11  a.m. 

15th        Hi  a.m. 

i 

0.28 

1913 

30th 

8  a.m. 

30th            8  p.m. 

12 

1.54 

1913 

31st 

8  a.m. 

31st             8  p.m. 

12 

1.14 

1914 

16th 

noon 

16th            8  p.m. 

8 

1.40 

Note. — DN  :=  during  night. 
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Introduction 

Rainfall  data  from  observations  made  by  the  University  of 
California  as  a  co-operative  observing  station  of  the  United 
States  Weather  Bureau  were  given  in  a  preceding  paper.^  The 
present  paper  summarizes  the  data  obtained  from  the  recording 
rain-gage  maintained  by  the  Department  of  Civil  Engineering 
since  1911.  The  data  were  compiled  by  Mr.  White  in  connection 
with  a  study  of  the  water-supply  of  the  University.  The  im- 
portance of  studies  of  the  intensity  of  rainfall  is  now  generally 
recognized,  although  this  recognition  is  of  so  recent  development 
that  the  data  are  still  rather  scattered  and  fragmentary.  In- 
tensity studies  are  important  especially  in  connection  with  storm- 
sewer  designs,  but  the  questions  of  water-supply  and  flood  control 
are  probably  more  closely  related  to  rainfall  intensities  than  has 
generally  been  recognized. 

1  Reed,  W.  G.,  Rainfall  data  of  Berkeley,  California,  Univ.  Calif.  Publ. 
Engineering,  vol.  1,  no.  5,  pp.  69-81,  1915. 
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Description  of  the  Rain-gage 

The  data  here  presented  were  obtained  from  the  record  of 
an  electrically  recording,  tipping-bucket  rain-gage,  manufactured 
by  Julien  P.  Friez  (Baltimore),  described  as  follows: 

In  this  instrument  rain  is  collected  in  a  funnel  twelve  inches  in  diameter 
and  conducted  through  a  tube  into  a  bucket  containing  two  compartments. 
The  contents  of  each  compartment  are  equivalent  to  0.01  inch  of  rain. 
The  bucket  is  supported  on  trunnions  in  such  a  manner  that  as  soon  as 
a  compartment  is  filled  it  tips  and  discharges  the  accumulated  rain,  pre- 
senting the  other  compartment  for  filling.  Each  time  the  bucket  tips  it 
makes  an  electrical  contact  and  causes  a  pen  to  record  a  step  upon  a  chart 
carried  by  a  revolving  cylinder.  .  .  .  The  curve  traced  does  not  represent 
directly  the  progress  of  the  storm,  the  motion  of  the  pen  being  recipro- 
cating, up  for  0.05  inch  and  down  for  0.05  inch. 

The  time-scale  of  this  chart  is  two  and  a  half  inches  to  an  hour.  The 
amount  of  rain  is  indicated,  not  by  measurement  on  the  chart,  but  by  the 
number  of  steps,  or  of  ''flights"  of  ten  steps  each.  It  is  therefore  pos- 
sible to  determine  the  rates  of  rainfall  from  this  record  with  a  very  good 
degree  of  precision.  .  .  .  The  [United  States]  Weather  Bureau  carefully 
investigated  the  accuracy  of  the  instrument  and  determined  that  on 
account  of  the  appreciable  time  required  for  the  bucket  to  tip  the  error 
due  to  inflow  of  water  into  a  compartment  already  full  before  the  bucket 
could  tip  and  present  the  empty  bucket  is  sufficient  to  produce  an  error 
of  about  five  per  cent  at  times  of  very  heavy  rain.  It  is  found,  also,  that 
dirt  washed  into  the  buckets  from  the  dust  accumulating  in  the  gage 
affects  the  character  of  the  surfaces  and  the  accuracy  of  the  record. 
The  adjustment  of  the  instrument  must  be  carefully  made  and  its  record 
is  absolutely  dependent  upon  the  electrical  apparatus  working  correctly. 

A  test  of  such  a  gage  by  J.  B.  F.  Breed,  chief  engineer  of  the  Com- 
missioners of  Sewerage  of  Louisville,  Kentucky,  showed  a  total  discrep- 
ancy of  seventeen  per  cent  in  a  rainfall  amounting  to  a  total  of  1.70 
inches  with  a  maximum  intensity  of  7.68  inches  per  hour  for  five  minutes. 
By  discharging  water  into  the  gage  at  various  rates  and  measuring  the 
actual  accumulation  as  compared  with  the  recorded  collection  it  was 
found  that  the  rates  of  precipitation  computed  from  the  gage  record 
should  be  increased  by  about  two  per  cent  for  each  inch  per  hour.  Thus 
a  record  showing  precipitation  at  the  rate  of  5.00  inches  per  hour  should 
be  corrected  by  adding  ten  per  cent,  making  the  corrected  rate  5.50 
inches  per  hour.  The  test  was  carried  to  an  observed  rate  of  8.40  inches 
per  hour,  the  actual  rate  being  9.78  inches  per  hour.  It  has  also  been 
found  that  the  bucket  sometimes  stops  on  center,  thus  failing  to  register 
entirely,  as  a  portion  of  the  water  flows  out  each  side  and  the  bucket  no 
longer  tips.2 


2  Metcalf,  L.,  and  Eddy,  H.  P.,  American  sewerage  practice  (New  York, 
1914),  vol.  1,  pp.  211-213. 
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Despite  its  shortcomings,  this  type  is  believed  to  be  the  best 
recording  rain-gage  available  for  intensity  studies.  The  maxi- 
mum intensity  occurring  at  Berkeley  is  at  the  rate  of  3.50  inches 
per  hour  for  five  minutes,  and  0.50  inch  per  hour  for  sixty 
minutes,  less  than  half  the  intensities  used  in  Breed's  experi- 
ments. During  the  season  1914-1915  daily  readings  were  made 
of  the  amount  of  water  actualh^  caught  in  the  reservoir  of  the 
gage,  and  in  no  case  were  these  found  to  vary  appreciably  from 
that  indicated  on  the  chart.  For  these  reasons  no  attempt  has 
been  made  to  correct  for  these  small,  uncertain  errors.  The 
tendency  of  the  bucket  to  stop  on  center  is  more  serious,  as  such 
stopping  has  several  times  caused  a  break  in  the  continuity  of 
the  record,  when  such  continuity  was  to  be  most  desired. 

Location  of  the  Rain-gage 

The  collecting  funnel  of  the  recording  gage  is  located  on  the 
ridge  of  a  small  shed  erected  in  the  center  of  the  roof  of  the 
Civil  Engineering  Building  on  the  campus  of  the  University  of 
California  at  Berkeley.  The  roof  of  the  shed  is  twelve  feet  above 
the  roof  of  the  main  building,  which  is  about  sixty  feet  above  the 
ground.  The  rim  of  the  gage  is  about  four  hundred  and  ten  feet 
above  sea-level.  The  shed  is  about  six  by  twelve  feet,  while  the 
main  building  is  sixty  feet  square. 

Although  roof  exposure  is  not  to  be  recommended,  it  is  some- 
times necessary  and  often  does  not  seriously  interfere  with  the 
record.    Marvin  makes  the  following  statement : 

' '  In  the  center  of  a  large  flat  roof,  at  least  sixty  feet  square, 
the  rainfall  collected  by  a  gage  does  not  differ  materially  from 
that  collected  at  the  ground.  .  .  .  "While  the  Weather  Bureau  is 
compelled  to  expose  rain-gages  upon  the  roofs  of  lofty  buildings 
in  large  cities,  the  catch  of  rainfall  thus  obtained  is  often  quite 
satisfactory. '  '^ 

The  location  of  the  gage  is  admittedly  faulty ;  but  the  ratios 
of  the  catch  of  the  gage  at  the  Students'  Observatory  to  this 
gage  average  0.91.  The  observatory  is  about  nine  hundred  feet 
from  the  Civil  Engineering  Building,  and  the  gage  at  the  observ- 


3  Marvin,  C.  F.,  The  measurement  of  precipitation,  U.  S.  Wea.  Bur., 
Inst.  Div.,  Circular  E  (Washington,  1913),  p.  5. 
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atory  has  a  fair,  although  not  ideal,  exposure.*  Table  I  is  a  list 
of  rainfalls  on  days  when  the  intensity  of  rainfall  exceeded  half 
the  ordinary  maximum,  the  average  ratio  on  these  days  being 
0.92.  Comparison  of  the  ratios  shows  a  slight  but  well-defined 
tendency  for  the  ratio  to  increase,  that  is,  to  approach  unity  with 
increased  intensity  of  rainfall. 

During  the  season  of  1914—1915  daily  readings  of  the  twelve- 
inch  gage  and  of  an  eight-inch  gage  beside  it  are  available  for 
comparison.  These,  with  a  few  exceptions,  are  remarkably  con- 
sistent. Comparison  with  the  observatory  records  indicates  a 
probable  total  error  due  to  faulty  location  of  the  gage  and  in- 
herent error  of  the  recording  device  of  less  than  ten  per  cent ; 
this  error  seems  to  decrease  with  increasing  intensity  of  rainfall. 
Therefore  no  correction  has  been  attempted. 

Fragmentary  Character  of  the  Record 

Before  the  season  of  1914-1915  the  records  of  the  automatic 
gage  are  regrettably  fragmentary.  The  following  are  the  chief 
reasons : 

1.  Tipping-bucket  stopping  on  dead  center; 

2.  Failure  of  electric  current  to  operate  recording  device ; 

3.  Stoppage  by  dirt  of  tube  leading  from  collecting  funnel 
to  tipping-bucket  ; 

4.  Absence  of  records  of  no  precipitation  before  1914-1915, 
resulting  in  a  failure  to  give  the  gage  proper  attention  at  the 
beginning  of  several  storms  and  during  isolated  light  showers. 

This  fragmentary  character  of  the  record  is  shown  by  the 
fact  that  of  a  total  of  four  hundred  and  thirty  rainy  twelve- 
hour  periods  since  the  recording  gage  was  installed  there  were 
one  hundred  and  thirty-six  for  which  there  is  no  record  from 
the  recording  gage.  However,  the  total  rainfall  during  a  great 
number  of  these  twelve-hour  periods  was  so  small  that  they  are 
undoubtedly  of  no  consequence  as  far  as  intensitj^  records  are 
concerned.  It  is  desirable  to  eliminate  these  in  order  to  make 
conclusions  as  to  the  real  value  of  the  record.  For  this  purpose 
there  must  be  drawn  somewhere  a  line  of  demarcation  such  that 


4  See  Reed,  W.  G.,  The  Rainfall  of  Berkeley,  California,  Univ.  Calif. 
Publ.  Geog.,  vol.  1,  no.  2,  1913,  pp.  65-66. 
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if  any  twelve-hour  period  has  a  total  rainfall  of  less  than  a 
certain  amount  it  is  improbable  that  there  has  occurred  during 
tliis  period  an  intensity  of  practical  importance. 

A  statistical  and  graphic  study  was  made  of  all  twelve-hour 
periods  for  which  intensity  records  are  available.  From  this 
study  the  following  indications  have  appeared : 

1.  When  0.80  inch  falls  in  twelve  hours  there  is  a  chance  that 
the  maximum  rate  for  one  hour  exceeds  0.50  inch ; 

2.  When  0.80  inch  falls  in  twelve  hours  it  is  probable  that 
0.30  inch  in  one  hour  has  been  exceeded;  this  rate  is  half  the 
maximum  shown  by  the  Grunsky  curve^  and  has  been  assumed 
as  the  lower  limit  of  intensity  of  practical  importance ; 

3.  When  0.80  inch  falls  in  twelve  hours  there  is  a  chance  that 
0.15  inch  in  five  minutes  has  been  exceeded ;  this  is  the  maximum 
given  by  the  Grunsky  curve  for  five  minutes ; 

4.  When  0.80  inch  falls  in  twelve  hours  it  is  probable  that 
0.07  inch  in  five  minutes  has  been  exceeded;  this  has  been  as- 
sumed as  the  lower  limit  of  intensity  of  practical  importance; 
it  is  half  the  maximum  given  by  the  Grunsky  curve. 

5  See  figure  l. 
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TABLE  I 

Precipitation  of  Marked  Intensity  at  Berkeley,  California,  January  1, 

1911,  to  April  30,  1915 

5-minute  period  One-hour 

Total  rain                                           r ^ ^  period 

12-hour                           in  12  hours                                                           Corre-  Maximum 

period                         r ''^ ^                                Maximum  spending  total  rain 

ending  at  Obs.  C.  E.  Ratio         total  rain   intensity  and  intensity 

1911                            In.              In.            C.  E./Obs.           In.       In.  per  hr.  In.  per  hr. 

Jan.  12, 8  a.m.  0.98  

Jan.  13, 8  p.m.             0.88         0.86             0.98             0.13         1.56  0.15 

Jan.  14,  8  a.m.             2.00         1.96             0.98             0.06         0.72  0.39 

Jan.  20, 8  a.m.            1.76         1.69             0.96             0.05         0.60  0.35 

Jan.  24,  8  a.m.             1.42         1.43             1.01             0.05         0.60  0.30 


Jan.  24,  8  p.m.  0.82  0.74  0.90  0.04  0.48  0.36 

Jan.  28,  8  a.m.  1.27  1.18  0.93  0.05  0.60  0.33 

Jan.  29, 8  a.m.  1.03  0.91  0.88  0.05  0.60  0.19 

Jan.  30, 8  a.m.  0.78  0.65  0.83  0.09  1.08  0.32 

Mar.  5, 8  a.m.  0.65  0.57  0.88  0.09  1.08  0.23 


Mar.  6,  8  p.m.  1.13  0.06         0.72  0.46 

Mar.  7,  8  a.m.              1.14         1.23              1.08             0.29         3.48             0.51 
Apr.  5, 8  a.m.  1.45  in  24  hrs.  


1912 

Jan.  26, 8  a.m.  0.77      >  0.73  0.95  0.10  1.20  0.38 

Mar.  12, 8  a.m.  1.02  0.96  0.94  0.04  0.48  0.26 

Apr.  10, 8  p.m.  0.45  0.41  0.91  0.09  1.08  0.18 

May  22, 8  p.m.  0.12  0.08  0.67  0.08  0.96  0.08 

Nov.  6,  8  a.m.  1.44  1.25  0.88  0.03  0.36  0.19 

Nov.  6, 8  p.m.  0.95  0.85  0.87  0.04  0.48  0.21 

Dec.  14, 8  p.m.  0.50  0.49  0.98  0.10  1.20  0.26 

1913 

Jan.  8, 8  p.m.  0.58  0.55  0.95  0.08  0.96  0.30 

Jan.  16,  8  p.m.  0.41  0.35  0.85  0.08  0.96  0.23 

Mar.  17, 8  p.m.  0.52  0.49  0.94  0.09  1.08  0.20 

Nov.  18, 8  p.m.  0.89  0.78  0.88  0.05  0.60  0.33 

Nov.  20, 8  a.m.  0.59  0.57  0.97  0.08  0.96  0.35 

Nov.  27, 8  a.m.  1.00          

Dec.  22, 8  a.m.  0.82          

Dec.  30, 8  p.m.  1.54          0.06  0.72  0.33 

Dec.  31, 8  p.m.  1.14  0.85  0.75  0.07  0.84  0.27 
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TABLE  1— (Continued) 


Total  rain  , A- 


5-minute  period        One-hour 
period 


12-hour  in  12  hours  Corre-        Maximum 

P^'"'<^<1  r ^  Maximum  sponding      total  rain 

ending  at  Obs.  C.  E.  Ratio         total  rain   intensity  and  intensity 

l-^l-l  I»-  In.  C.  E./Obs.  In.       In.  per  hr.    In.  per  hr. 

Jan.  2,  8  a.m. 

Jan.  12,  8  p.m.  2.01         2.08  1.04  0.08         0.96  0.52 


Obs. 
In. 

C.  E. 
In. 

0.99 

2.01 

2.08 

0.72 

0.61 

1.02 

0.57 

Jan.  14,  8  a.m.  0.72  0.61  0.65  0.05  0.60  0.31 

Jan.  17,  8  a.m. 

Jan.  17, 8  p.m.  0.57  0.07  0.84  0.21 

Jan.  22, 8  a.m.  1.16  1.05  0.90  0.04  0.48  0.28 

Jan.  24,  8  a.m.  1.32  1.05  0.80  0.03  0.36  0.27 

Mar.  29, 8  a.m.  0.82  0.90  1.10  0.10  1.20  0.44 

Feb.  20, 8  p.m.  1.15  1.06  0.92  0.05  0.60  0.22 

Apr.  4, 8  a.m.  0.42  0.39  0.93  0.06  0.72  0.32 

Dec.  2, 8  p.m.  0.71  0.69  0.97  0.06  0.72  0.33 

Dec.  6,  8  p.m.  0.25  0.25  1.00  0.10  1.20  0.22 

Dee.  16, 8  p.m.  1.40  1.20  0.86  0.05  0.60  0.43 


1915 

Jan.  6, 8  a.m.  0.65  0.56  0.86  0.09  1.08  0.26 

Jan.  8,  8  a.m.  0.87  0.82  0.94  0.13  1.56  0.52 

Jan.  11,  8  p.m.  0.41  0.43  1.05  0.03  0.36  0.30 

Feb.  2, 8  a.m.  0.83  0.74  0.89  0.07  0.84  0.21 

Feb.  7, 8  p.m.  1.06  0.96  0.91  0.05  0.60  0.31 

Feb.  16, 8  p.m.  0.62  0.51  0.82  0.17  2.04  0.31 

Feb.  22,  8  p.m.  0.99          

Feb.  24, 8  a.m.  0.34  0.32  0.94  0.08  0.96  0.24 

Apr.  26,  8  a.m.  0.33  0.34  1.03  0.10  1.20  0.33 


Table  I  shows  the  data  of  heavy  falls  of  rain  from  which  the 
study  was  made.  In  this  table  have  been  included  all  twelve- 
hour  periods  from  January  1,  1911,  to  April  30.  1915,  during 
which  the  following  amounts  have  been  equalled  or  exceeded : 

0.80  inch  in  twelve  hours ; 

0.30  inch  in  one  hour ;  or 

0.07  inch  in  five  minutes. 
There  are  fifty-one  twelve-hour  periods  for  which  the  avail- 
able records  show  such  intensities.     Of  these  periods  twenty- 
three  were  included  because  0.07  inch  or  more  was  recorded  in 
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five  minutes,  twenty-four  because  0.30  inch  or  more  was  recorded 
in  one  hour,  and  thirty-one  because  0.80  inch  or  more  w^as  re- 
corded in  twelve  hours.  There  are  six  periods  included  in  the 
table  for  which  no  measurements,  except  for  the  twelve-hour 
period,  are  available.  This  seems  to  show  that  in  the  long  run 
the  number  of  five-minute  or  one-hour  periods  with  precipitation 
of  approximately  half  the  maximum  intensity  or  more  will  occur 
about  as  often  as  the  twelve-hour  amount  exceeds  0.80  inch. 

Table  II  shows  in  detail  the  data  available  from  the  recording 
gage  from  its  installation  to  April  30,  1915,  for  all  twelve-hour 
periods  during  which  the  intensity  reached  the  rate  of  0.30  inch 
or  more  per  hour  for  a  period  of  five  minutes.  These  data  are 
in  the  main  the  details  of  precipitation  from  which  Table  I  was 
compiled. 

TABLE  II 

Details  of  Rainfall  at  Berkeley,  California,  January  12,  1911,  to  April 

30,  1915,  FOR  All  12-IIour  Periods  During  Which  a  Eate  of 

0.30  Inch  Per  Hour  Was  Eeached  for 

5  Minutes  or  More 

[Records  from  recording  gage  at  Civil  Engineering  Building] 


Date 
1911 

Total 

rain  in 

12  hrs. 

In. 

.^    Maximum  rain 
in  stated  periods 

A 

Maximum 

preceded  by 

continuous 

rain  of 

A 

Maximum 

preceded  by 

storm  of 

A 

Period 

In.^ 

Min. 

In. 

Hrs. 

In. 

Jan.  12,  8  p.m. 

0.11 

5  min. 
10  min. 
Ihr. 

0.02 
0.03 
0.04 

Jan.  13,  8  p.m. 

0.8G 

5  min. 

0.15 

0 

0.00 

4 

0.29 

10  min. 

0.13 

0 

0.00 

4 

0.29 

Ihr. 

0.15 

0 

0.00 

4 

0.29 

Jan.  14,  8  a.m. 

1.96 

5  min. 

0.06 

30 

0.11 

15.75 

2.71 

10  min. 

0.10 

30 

0.11 

15.75 

2.71 

Ihr. 

0.39 

0 

0.00 

15.5 

2.63 

Jan.  14,  8  p.m. 

0.53 

5  min. 

0.03 

20 

0.04 

21.25 

2.94 

10  min. 

0.05 

20 

0.04 

21.25 

2.94 

• 

Ihr. 

0.17 

0 

0.00 

21 

2.90 

Jan.  20,  8  a.m. 

1.69 

5  min. 

0.05 

15 

0.06 

7.5 

0.35 

10  min. 

0.08 

10 

0.04 

7.5 

0.32 

Ihr. 

0.35 

110 

0.41 

9.25 

0.60 

2.5  hr. 

0.70 

65 

0.17 

8.25 

0.46 
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TABLE  U— (Continued) 

Maximum 


Dato 
1911 

Total 

rain  in 

12  hrs. 

In. 

Maximum  vain 
in  stated  periods 

preceded  by 

continiious 

rain  of 

A 

Maximum 

preceded  by 

storm  of 

A 

r 
Period 

In. 

Min. 

In. 

r 
Hrs. 

In. 

Jan.  20,  8  p.m. 

0.17 

5  min 

0.04 

55 

0.08 

24.5 

1.71 

10  min. 

0.04 

55 

0.08 

24.5 

1.71 

Ihr. 

0.14 

40 

0.06 

24.25 

1.69 

Jan.  24,  8  a.m. 

1.43 

5  min. 

0.05 

230 

0.52 

17 

0.86 

10  min. 

0.07 

230 

0.52 

17 

0.86 

Ihr. 

0.30 

225 

0.52 

17 

0.84 

Jan.  24,  8  p.m. 

0.74 

5  min. 

0.04 

205 

0.36 

25 

1.79 

10  min. 

0.07 

205 

0.36 

25 

1.79 

Ihr. 

0.36 

180 

0.31 

25 

1.74 

Jan.  26,  8  a.m. 

0.24 

5  min. 

0.08 

10 

0.06 

1 

0.12 

10  min. 

0.11 

5 

0.03 

1 

0.09 

30  min. 

0.19 

0 

0.00 

1 

0.06 

Jan.  27,  8  p.m. 

0.25 

5  min. 

0.03 

115 

0.13 

2 

0.13 

A 

10  min. 

0.05 

115 

0.13 

2 

0.13 

Ihr. 

0.14 

85 

0.11 

1.5 

0.11 

Jan.  28,  8  a.m. 

1.18 

5  min. 

0.05 

220 

0.38 

3.75 

0.38 

10  min. 

0.09 

255 

0.46 

4.25 

0.46 

Ihr. 

0.33 

255 

0.46 

4.25 

0.46 

Jan.  29,  8  a.m. 

0.91 

5  min. 

0.05 

40 

0.13 

10.75 

0.78 

10  min. 

0.06 

0 

0.00 

10 

0.65 

Ihr. 

0.19 

5 

0.02 

10 

0.67 

Jan.  29,  8  p.m. 

0.46 

5  min. 

0.04 

30 

0.12 

19.75 

1.19 

10  min. 

0.07 

25 

0.09 

19.5 

1.16 

Ihr. 

0.24 

10 

0.03 

19.25 

1.10 

Jan.  30,  8  p.m. 

0.65 

5  min. 

0.09 

60 

0.15 

44.25 

1.85 

10  min. 

0.12 

55 

0.12 

44 

1.83 

Ihr. 

0.32 

45 

0.09 

44 

1.80 

Feb.  1,  8  p.m. 

0.17 

5  min. 

0.03 

0 

0.00 

0 

0.00 

10  min. 

0.04 

0 

0.00 

0 

0.00 

Ihr. 

0.08 

0 

0.00 

0 

0.00 

Feb.  2,  8  a.m. 

0.50 

5  min. 

0.03 

70 

0.12 

20.5 

0.55 

10  min. 

0.05 

70 

0.12 

20.5 

0.55 

Ihr. 

0.16 

60 

0.08 

20.5 

0.51 

Feb.  11,  8  a.m. 

0.57 

5  min. 

0.03 

5 

0.01 

0.01 

10  min. 

0.05 

15 

0.05 

0.25 

0.05 

Ihr. 

0.16 

0 

0.00 

0 

0.00 
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TABLE  11— {Continued) 


Bate 
1911 

Total 

rain  in 

12  hrs. 

In. 

Maximum 
in  stated  p 

I  rain 
eriods 

Maximum 

preceded  by 

continuous 

rain  of 

A 

Maximum 

preceded  by 

storm  of 

A 

Period 

In.^ 

Min. 

In. 

Hrs. 

In.^ 

Feb.  28,  8  p.m. 

0.75 

5  min. 

0.04 

160 

0.37 

2.75 

0.37 

10  min. 

0.06 

160 

0.37 

2.75 

0.37 

Ihr. 

0.27 

160 

0.37 

2.75 

0.37 

Mar.  3,  8  a.m. 

0.32 

5  min. 

0.03 

75 

0.06 

18.75 

0.21 

10  min. 

0.05 

100 

0.10 

19.25 

0.25 

Ihr. 

0.14 

65 

0.04 

18.75 

0.19 

Mar.  4,  8  p.m. 

0.46 

5  min. 

0.04 

43.5 

0.55 

10  min. 

0.08 



43.5 

0.55 

Ihr. 

0.25 

43.5 

0.55 

Mar.  5,  8  a.m. 

0.57 

5  min. 

0.09 

10 

0.05 

58 

1.21 

10  min. 

0.12 

5 

0.02 

58 

1.18 

Ihr. 

0.23 

0 

0.00 

56.5 

1.00 

Mar.  5,  8  p.m. 

0.20 

5  min. 

0.05 

15 

0.01 

69.25 

1.46 

10  min. 

0.07 

15 

0.01 

69.25 

1.46 

Ihr. 

0.09 

0 

0.00 

69 

1.45 

Mar.  6,  8  p.m. 

1.13 

5  min. 

0.06 

97.75 

2.65 

10  min. 

0.11 

97.75 

2.70 

Ihr. 

0.46 



96 

2.11 

Mar.  7,  8  am. 

1.23    . 

5  min. 

0.29 

50 

0.17 

102.75 

3.07 

10  min. 

0.32 

47 

0.16 

102.75 

3.06 

60  min. 

0.51 

10 

0.08 

102 

2.98 

110  min. 

0.70 

Mar.  8,  8  a.m. 

0.17 

5  min. 

0.06 

0 

0.00 

0 

0.00 

10  min. 

0.07 

0 

0.00 

0 

0.00 

Ihr. 

0.09 

0 

0.00 

0 

0.00 

Mar.  9,  8  p.m. 

0.43 

5  min. 

0.03 

0 

0  00 

11.75 

0.22 

10  min. 

0.04 

0 

0.00 

11.75 

0.22 

Ihr. 

0.10 

0 

0.00 

11.75 

0.22 

Apr.  5,  8  a.m. 

1.45 

in  24  hrs 

1.  No  record 

Dec.  27,  8  p.m. 

0.44 

5  min. 

0.03 

45 

0.04 

0.75 

0.04 

10  min. 

0.04 

40 

0.03 

0.75 

0.03 

Ihr. 

0.12 

80 

0.08 

1.25 

0.08 

1912 

Jan.  16,  8  a.m. 

0.25 

5  min. 

0.06 

120 

0.12 

2 

0.12 

10  min. 

0.10 

118 

0.10 

2 

0.10 

30  min. 

0.17 

110 

0.07 

1.75 

0.07 
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TABLE  II— (Cofitinued) 


Date 
1912 

Total 
rain  in 
12  hrs. 

In. 

Maximum  rain 
in  stated  periods 

A 

Maximum 

preceded  by 

continuous 

rain  of 

A 

Maximum 

preceded  by 

storm  of 

A 

r 
Period 

In. 

Min. 

In.^ 

Hrs. 

In. 

Jan.  18,  8  p.m. 

0.13 

5  mill. 

0.03 

5 

0.01 

10  min. 

0.04 

5 

0.01 

40  min. 

0.11 

0 

0.00 

Jail.  25,  8  p.m. 

0.32 

5  min. 

0.03 

100 

0.15 

33.5 

0.25 

10  min. 

0.05 

95 

0.13 

33.25 

0.23 

1  hr. 

0.17 

60 

0.05 

32.75 

0.15 

Jan.  26,  8  a.m. 

0.73 

5  min. 

0.10 

11 

0.18 

39.5 

0.57 

10  min. 

0.18 

7 

0.10 

39.75 

0.59 

Ihr. 

0.3S 

0 

0.00 

39.75 

0.49 

Mar.  5,  8  p.m. 

0.37 

5  min. 

0.05 

30 

0.03 

10  min. 

0.06 

30 

0.03 

Ihr. 

0.18 

30 

0.03 

Mar.  6,  8  a.m. 

0.04 

5  min. 

0.03 

0 

0.00 

Mar.  12,  8  a.m. 

0.96 

5  min. 

0.04 

65 

0.24 

10.75 

0.90 

10  min. 

0.07 

60 

0.21 

10.75 

0.89 

Ihr. 

0.26 

20 

0.04 

10 

0.70 

Mar.  15,  8  p.m. 

0.41 

5  min. 

0.03 

115 

0.27 

2 

0.27 

10  min. 

0.06 

115 

0.27 

9 

0.27 

Ihr. 

0.18 

30 

0.04 

0.5 

0.04 

Apr.  10,  8  p.m. 

0.41 

5  min. 

0.09 

30 

0.03 

0.13 

10  min. 

0.12 

30 

0.03 

0.13 

Ihr. 

0.18 

10 

0.01 

0.11 

May  21,  8  a.m. 

0.22 

5  min. 

0.04 

10 

0.05 

1.25 

0.11 

10  min. 

0.08 

10 

0.05 

1.25 

0.11 

25  min. 

0.16 

0 

0.00 

1 

0.06 

ISIay  22,  8  p.m. 

0.08 

5  min. 

0.08 

0 

0.00 

May  25,  8  a.m. 

0.33 

5  min. 

0.03 

60 

0.05 

1 

0.05 

10  min. 

0.05 

60 

0.05 

1 

0.05 

Ihr. 

0.19 

20 

0.01 

0.25 

0.01 

May  25,  8  p.m. 

0.23 

5  min. 

0.03 

0 

0.00 

7.75 

0.33 

10  min. 

0.04 

0 

0.00 

7.75 

0.33 

Ihr. 

0.14 

0 

0.00 

7.75 

0.33 

May  26,  8  a.m. 

0.12 

5  mill. 

0.04 

5 

0.01 

19.75 

0.59 

10  min. 

0.05 

0 

0.00 

19.75 

0.58 

Ihr. 

0.07 

0 

0.00 

19.75 

0.58 
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TABLE  II- 

—  (Continued) 

Date 

1912 

Total 

rain  in 

12  hrs. 

In. 

Maximum  rain 
in  stated  periods 

A 

Maximum 

preceded  by 

continuous 

rain  of 

Maximum 

preceded  by 

storm  of 

A 

r 
Period 

In. 

Min. 

In. 

Hrs. 

In.^ 

Sept.  5,  8  p.m. 

0.47 

5  min. 

0.04 

10 

0.03 

0.23 

10  min. 

0.07 

10 

0.03 

0.23 

Ihr. 

0.23 

10 

0.03 

0.20 

Sept.  6,  8  p.m. 

0.66 

5  min. 

0.05 

0 

0.00 

0.66 

10  min. 

0.09 

0 

0.00 

0.66 

Ihr. 

0.28 

160 

0.40 

1.06 

Nov.  6,  8  a.m. 

1.25 

5  min. 

0.03 

360 

0.55 

6 

0.55 

10  min. 

0.05 

355 

0.52 

6 

0.52 

1  hr. 

0.19 

305 

0.40 

5 

0.40 

Nov.  6,  8  p.m. 

0.85 

5  min. 

0.04 

5 

0.01 

19 

1.69 

10  min. 

0.07 

5 

0.01 

19 

1.69 

Ihr. 

0.21 

0 

0.00 

23.5 

2.17 

Nov.  19,  8  p.m. 

0.28 

5  min. 

0.05 

20 

0.03 

0.25 

0.03 

10  min. 

0.08 

20 

0.03 

0.25 

0.03 

Ihr. 

0.24 

15 

0.01 

0.25 

0.01 

Dec.  14,  8  p.m. 

0.49 

5  min. 

0.10 

0 

0.00 

2 

0.13 

10  min. 

0.13 

0 

0.00 

2 

0.13 

1  hr. 

0.26 

0 

0.00 

2 

0.13 

Dec.  15,  8  a.m. 

0.20 

5  min. 

0.05 

0 

0.00 

7 

0.56 

■V 

10  min. 

0.07 

0 

0.00 

7 

0.56 

Ihr. 

0.08 

0 

0.00 

7 

0.56 

1913 

Jan.  8,  8  p.m. 

0.55 

5  min. 

0.08 

0 

0.00 

10  min. 

0.13 

0 

0.00 

1  hr. 

0.30 

0 

0.00 

Jan.  14,  8  a.m. 

0.56 

5  min. 

0.03 

20 

0.03 

3 

0.29 

10  min. 

0.05 

20 

0.03 

3 

0.29 

Ihr. 

0.10 

20 

0.03 

3 

0.29 

Jan.  15,  8  p.m. 

0.38 

5  min. 

0.04 

20 

0.03 

17 

1.05 

10  min. 

0.06 

20 

0.03 

17 

1.05 

Ihr. 

0.15 

20 

0.03 

17 

1.05 

Jan.  16,  8  p.m. 

0.35 

5  min. 

0.08 

120 

0.23 

53.5 

1.70 

10  min. 

0.11 

115 

0.20 

53.25 

1.67 

Ihr. 

0.23 

65 

0.09 

52.5 

1.56 

Mar.  17,  8  p.m. 

0.49 

5  min. 

0.09 

235 

0.35 

4 

0.35 

10  min. 

0.13 

235 

0.35 

4 

0.35 

Ihr. 

0.20 

185 

0.28 

3 

0.28 
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TABLE  II— (Continued) 


Date 
1913 

Total 

rain  in 

12  hrs. 

In. 

Maximum 
in  stated  p 

A 

I  rain 
eriods 

Maximum 

preceded  by 

continuous 

rain  of 

A 

Maximum 

l)recoded  by 

storm  of 

A 

r 

Period 

In.^ 

r 

Min. 

In. 

Hrs. 

In. 

Mar.  18,  8  a.m. 

0.32 

5  min. 

0.04 

115 

0.12 

10.5 

0.61 

10  min. 

0.06 

115 

0.12 

10.5 

0.61 

1  hr. 

0.17 

75 

0.08 

9.75 

0.53 

Mar.  22,  8  a.m. 

0.54 

5  min. 

0.03 

100 

0.12 

24 

0.29 

10  min. 

0.06 

100 

0.12 

24 

0.29 

Ihr. 

0.18 

100 

0.12 

24 

0.29 

Mar.  23,  8  p.m. 

0.40 

5  min. 

0.04 

75 

0.13 

1.25 

0.13 

10  min. 

0.06 

75 

0.13 

1.25 

0.13 

Ihr. 

0.16 

60 

0.13 

1 

0.13 

Nov.  18,  8  p.m. 

0.78 

5  min. 

0.05 

220 

0.65 

7.25 

0.91 

10  min. 

0.08 

215 

0.62 

7.25 

0.88 

Ihr. 

0.33 

175 

0.42 

6.5 

0.68 

Nov.  20,  8  a.m. 

0.57 

5  min. 

0.08 

60 

0.13 

4.5 

0.29 

10  min. 

0.13 

60 

0.13 

4.5 

0.29 

Ihr. 

0.35 

45 

0.05 

4.25 

0.21 

Nov.  27,  8  a.m. 

1.00 

No  record 

Dec.  22,  8  a.m. 

0.82 

No  record 

Dec.  24,  8  p.m. 

0.22 

5  min. 

0.03 

25 

0.05 

0.29 

10  min. 

0.04 

20 

0.04 

0.28 

Ihr. 

0.11 

0 

0.00 

0.22 

Dec.  30,  8  p.m. 

1.54 

5  min. 

0.06 

190 

0.57 

1.45 

10  min. 

0.10 

190 

0.57 

1.45 

Ihr. 

0.33 

145 

0.38 

1.26 

Dec.  31,  8  p.m. 

0.85 

5  min. 

0.07 

415 

0.53 

2.41 

10  min. 

0.13 

415 

0.53 

2.41 

Ihr. 

0.27 

380 

0.45 

2.38 

1914 

Jan.  2,  8  a.m. 

0.99 

No  record 

Jan.  12,  8  p.m. 

2.08 

5  min. 

0.08 

325 

1.77 

2.04 

10  min. 

0.12 

325 

1.77 

2.04 

Ihr. 

0.52 

205 

1.04 

1.31 

Jan.  14,  8  a.m. 

0.61 

5  min. 

0.05 

35 

0.17 

2.99 

10  min. 

0.07 

35 

0.17 

2.99 

Ihr. 

0.31 

0 

0.00 

2.82 

Jan.  17,  8  a.m. 

1.02 

No  record 
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TABLE  11— {Continued) 


Total 

rain  in 

I'J  hrs. 

In. 

Maximun: 
in  stated  p 

I  rain 
eriods 

Maximum 

preceded  by 

continuous 

rain  of 

Min.          In. 

Maximum 

preceded  by 

storm  of 

A 

Date 
1914 

r 
Period 

In. 

Hrs. 

In. 

Jan.  17,  8  p.m. 

0.57 

5  min. 

0.07 

130 

0.15 

1.36 

10  min. 

0.10 

130 

0.15 

1.36 

Ihr. 

0.21 

120 

0.13 

1.34 

Jan.  21,  8  p.m. 

0.61 

5  min. 

0.04 

60 

0.16 

0.49 

10  min. 

0.07 

60 

0.16 

0.49 

Ihr. 

0.27 

0 

0.00 

0.33 

Jan.  22,  8  a.m. 

1.05 

5  min. 

0.04 

10 

0.02 

1.00 

10  min. 

0.07 

10 

0.02 

1.00 

Ihr. 

0.28 

0 

0.00 

1.16 

Jan.  24,  8  a.m. 

1.05 

5  min. 

0.03 

510 

0.90 

27.5 

1.35 

10  min. 

0.05 

515 

0.88 

27.5 

1.33 

Ihr. 

0.27 

455 

0.70 

26.5 

1.15 

Jan.  26,  8  a.m. 

0.16 

5  min. 

0.04 

0 

0.00 

0.86 

10  min. 

0.06 

0 

0.00 

0.86 

20  min. 

0  09 

0 

0.00 

0.86 

Feb.  18,  8  a.m. 

0.55 

5  min. 

0.06 

30 

0.04 

0.5 

0.04 

10  min. 

0.08 

30 

0.04 

0.5 

0.04 

Ihr. 

0.12 

0 

0.00 

0 

0.00 

Feb.  19,  8  a.m. 

0.12 

>   5  min. 

0.06 

0 

0.00 

0 

0.00 

10  min. 

0.12 

0 

0.00 

0 

0.00 

Feb.  19,  8  p.m. 

0.38 

5  min. 

0.04 

0 

0.00 

0 

0.00 

10  min. 

O.Q^ 

0 

0.00 

0 

0.00 

Ihr. 

0.15 

60 

0.13 

1 

0.13 

Feb.  20,  8  a.m. 

0.59 

5  min. 

0.03 

30 

0.10 

12.5 

0.48 

10  min. 

0.05 

25 

0.08 

12.5 

0.46 

Ihr. 

0.16 

0 

0.00 

12 

0.38 

Feb.  20,  8  p.m. 

1.06 

5  min. 

0.05 

65 

0.10 

26.75 

1.68 

10  min. 

0.07 

60 

0.08 

26.75 

1.66 

Ihr. 

0.22 

40 

0.03 

26.25 

1.61 

Feb.  21,  8  p.m. 

0.17 

5  min. 

0.05 

0 

0.00 

44.5 

2.24 

10  min. 

0.06 

0 

0.00 

44.5 

2.24 

Ihr. 

0.09 

0 

0.00 

48.75 

2.32 

Feb.  22,  8  p.m. 

0.54 

5  min. 

0.05 

195 

0.35 

72.5 

2.81 

10  min. 

0.07 

190 

0.33 

72.5 

2.79 

Ihr. 

0.21 

140 

0.19 

71.75 

2.65 
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TABLE  U—(Conti7iued) 

Maximum 


Date 
1914 

Total 

rain  in 

12  hrs. 

In. 

Maximum  rain 
in  stated  periods 

A 

preceded  by 

continuous 

rain  of 

A 

Maximum 

preceded  by 

storm  of 

A 

Period 

In.^ 

r 
Min. 

In. 

r 
Hrs. 

In. 

Mar.  29,  8  a.m. 

0.90 

5  min. 

0.10 

20 

0.04 

0.25 

0.04 

10  min. 

0.14 

20 

0.04 

0.25 

0.04 

Ihr. 

0.44 

20 

0.04 

0.25 

0.04 

Apr.  4,  8  a.m. 

0.39 

5  min. 

0.06 

60 

0.20 

1 

0.20 

10  min. 

0.10 

60 

0.20 

1 

0.20 

Ihr. 

0.32 

30 

0.04 

0.5 

0.04 

Oct.  17,  8  a.m. 

0.56 

5  min. 

0.05 

105 

0.19 

1.75 

0.19 

10  min. 

0.08 

105 

0.19 

1.75 

0.19 

Ihr. 

0.21 

105 

0.19 

1.75 

0.19 

Dec.  1,  8  a.m. 

0.45 

5  min. 

0.04 

30 

0  13 

0.5 

0.13 

10  min. 

0.07 

25 

0.10 

0.5 

0.10 

Ihr. 

0.25 

0 

0.00 

0 

0.00 

Dec.  2,  8  p.m. 

0.69 

5  min. 

0.06 

300 

0.37 

5 

0.37 

10  min. 

0.11 

295 

0.32 

5 

0.32 

Ihr. 

0.33 

285 

0.27 

4.75 

0.27 

Dec.  3,  8  a.m. 

0.15 

5  min. 

0.03 

30 

0.04 

19.75 

0.73 

10  min. 

0.05 

30 

0.04 

19.75 

0.73 

Ihr. 

0.10 

0 

0.00 

19.25 

0.69 

Dec.  4,  8  p.m. 

0.20 

5  min. 

0.04 

15 

0.02 

6 

0.09 

10  min. 

0.05 

10 

0.01 

6 

0.08 

Ihr. 

0.15 

5 

0.01 

5.75 

0.08 

Dec.  6,  8  p.m. 

0.25 

5  min. 

0.10 

25 

0.04 

0.5 

0.04 

10  min. 

0.12 

25 

0.04 

0.5 

0.04 

Ihr. 

0.22 

0 

0.00 

0 

0.00 

Dec.  9,  8  p.m. 

0.51 

5  min. 

0.03 

20 

0.07 

3 

0.23 

10  min. 

0.06 

15 

0.04 

2.75 

0.20 

Ihr. 

0.21 

0 

0.00 

2.5 

0.16 

Dec.  10,  8  a.m. 

0.42 

5  min. 

0.05 

55 

0.14 

8.75 

0.70 

10  min. 

0.08 

55 

0.14 

8.75 

0.70 

Ihr. 

0.21 

5 

0.01 

7.75 

0.57 

Dec.  10,  8  p.m. 

0.30 

5  min. 

0.04 

0 

0.00 

20 

1.02 

10  min. 

0.07 

0 

0.00 

20 

1.02 

Ihr. 

0.15 

0 

0.00 

20 

1.02 

Dec.  11,  8  a.m. 

0.28 

5  min. 

0.03 

10 

0.05 

30.75 

1.28 

10  min. 

0.05 

5 

0.03 

30.75 

1.26 

30  min. 

0.10 

0 

0.00 

30.5 

1.23 
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TABLE  11— (Continued) 


Date 
1914 

Total 

rain  in 

12  hrs. 

In. 

Maximum  rain 
in  stated  periods 

Maximum 

preceded  by 

continuous 

rain  of 

A 

Maximum 

preceded  by 

storm  of 

A 

r 
Period 

In. 

Min. 

In.^ 

Hrs. 

In. 

Dec.  16,  8  p.m. 

1.20 

5  min. 

0.05 

235 

0.69 

4 

0.69 

10  min. 

0.09 

230 

0.64 

3.75 

0.64 

Ihr. 

0.43 

205 

0.51 

3.5 

0.51 

1915 

Jan.  3,  8  p.m. 

0.33 

3  min. 

0.11 

0 

0.00 

0 

0.00 

5  min. 

0.13 

0 

0.00 

0 

0.00 

10  min. 

0.14 

0 

0.00 

0 

0.00 

15  min. 

0.15 

0 

0.00 

0 

0.00 

Jan.  6,  8  a.m. 

0.56 

5  min. 

0.09 

60 

0.09 

1 

0.09 

10  min. 

0.14 

60 

0.09 

1 

0.09 

Ihr. 

0.26 

55 

0.07 

1 

0.07 

Jan.  8,  8  a.m. 

0.82 

5  min. 

0.13 

25 

0.18 

0.5 

0.18 

10  min. 

0.18 

20 

0.13 

0.25 

0.13 

Ihr. 

0.52 

10 

0.04 

0.25 

0.04 

Jan.  8,  8  p.m. 

0.07 

5  min. 

0.03 

0 

0.00 

4 

0.82 

10  min. 

0.05 

0 

0.00 

4 

0.82 

20  min. 

0.07 

0 

0.00 

4 

0.82 

Jan.  11,  8  p.m. 

0.43 

5  min. 

0.03 

5 

0.03 

0.25 

0.03 

10  min. 

0.06 

0 

0.00 

0 

0.00 

Ihr. 

0.30 

0 

0.00 

0 

0.00 

Jan.  14,  8  a.m. 

0.05 

5  min. 

0.04 

0 

0.00 

9.25 

0.31 

10  min. 

0.05 

0 

0.00 

9.25 

0.31 

Jan.  25,  8  p.m. 

0.36 

5  min. 

0.03 

0 

0.00 

14 

0.28 

10  min. 

0.05 

0 

0.00 

14 

0.28 

Ihr. 

0.11 

0 

0.00 

14 

0.28 

Jan.  27,  8  p.m. 

0.51 

5  min. 

0.04 

0 

0.00 

0 

0.00 

10  min. 

0.07 

0 

0.00 

0 

0.00 

30  min. 

0.12 

0 

0.00 

0 

0.00 

Jan.  30,  8  a.m. 

0.48 

5  min. 

0.04 

0 

0.00 

0 

0.00 

10  min. 

0.06 

0 

0.00 

0 

0.00 

Ihr. 

0.14 

0 

0.00 

0 

0.00 

Jan.  30,  8  p.m. 

0.07 

5  min. 

0.04 

0 

0.00 

9 

0.48 

10  min. 

0.05 

0 

0.00 

9 

0.48 

Ihr. 

0.07 

0 

0.00 

9 

0.48 

Feb.  2,  8  a.m. 

0.74 

5  min. 

0.07 

25 

0.02 

5 

0.29 

]  hr. 

0.21 

25 

0.02 

5 

0.29 
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TABLE  U~ (Continued) 


Date 
1915 

Total 

rain  in 

12  hrs. 

In. 

Maximum  rain 
in  stated  periods 

A 

Maximum 

preceded  by 

continuous 

rain  of 

Maximum 

preceded  by 

storm  of 

Period 

In. 

Min. 

In.^ 

Hrs. 

Tn.^ 

Feb.  2,  8  p.m. 

0.10 

5  min. 

0.03 

0 

0.00 

0 

0.00 

Ihr. 

0.06 

0 

0.00 

0 

0.00 

Feb.  4,  8  a.m. 

0.25 

5  min . 

0.03 

0 

0.00 

0 

0.00 

10  min. 

0.04 

5 

0.01 

1.75 

0.11 

Ihr. 

0.08 

5 

0.01 

1.75 

0.11 

Feb.  7,  8  p.m. 

0.96 

5  min. 

0.05 

105 

0.38 

2 

0.38 

10  min. 

0.10 

100 

0.33 

1.75 

0.33 

Ihr. 

0.31 

85 

0.26 

1.5 

0.26 

Feb.  8,  8  a.m. 

0.25 

5  min. 

0.03 

20 

0.07 

14.25 

0.99 

10  min. 

0.05 

15 

0.05 

14.25 

0.97 

Ihr. 

0.20 

0 

0.00 

14 

0.92 

Feb.  8,  8  p.m. 

0.40 

5  min. 

0.04 

150 

0.23 

20.5 

1.44 

10  min. 

0.06 

150 

0.23 

20.5 

1.44 

Ihr. 

0.21 

120 

0.13 

20 

1.34 

Feb.  9,  8  a.m. 

0.28 

5  min. 

0.03 

0 

0.00 

30.25 

1.61 

10  min. 

0.05 

0 

0.00 

30.25 

1.61 

Ihr. 

0.12 

0 

0.00 

30.25 

1.61 

Feb.  9,  8  p.m. 

0.21 

5  min. 

0.03 

70 

0.13 

48.5 

2.03 

10  min. 

0.05 

65 

0.11 

48.25 

2.01 

Ihr. 

0.14 

15 

0.02 

47.5 

1.92 

Feb.  10,  8  a.m. 

0.38 

5  min. 

0.03 

25 

0.05 

58.75 

2.37 

10  min. 

0.05 

25 

0.05 

58.75 

2.37 

Ihr. 

0.16 

0 

0.00 

58.5 

2.32 

Feb.  10,  8  p.m. 

0.22 

5  min. 

0.05 

0 

0.0     0 

71.75 

2.63 

10  min. 

0.08 

0 

0.00 

71.75 

2.63 

25  min. 

0.12 

0 

0.00 

71.75 

2.63 

Feb.  16,  8  p.m. 

0.51 

5  min. 

0.17 

20 

0.07 

16 

0.26 

6  min. 

0.22 

20 

0.07 

16 

0.26 

10  min. 

0.23 

20 

0.07 

16 

0.26 

45  min. 

0.31 

0 

0.00 

15.75 

0.19 

Feb.  17,  8  a.m. 

0.32 

5  min. 

0.04 

10 

0.05 

31.5 

0.97 

10  min. 

0.08 

10 

0.05 

31.5 

0.97 

Ihr. 

0.16 

20 

0.02 

30.75 

0.85 

Feb.  20,  8  a.m. 

0.50 

5  min. 

0.04 

30 

0.08 

0.5 

0.08 

10  min. 

0.05 

10 

0.02 

0.25 

0.02 

Ihr. 

0.16 

10 

0.02 

0.25 

0.02 
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TABLE  11— (Concluded) 


Date 
1915 

Total 

rain  in 

12  hrs. 

In. 

Maximum 
in  stated  p 

I  rain 
eriods 

Maximum 

preceded  by 

continuous 

rain  of 

A 

Maximum 

preceded  by 

storm  of 

A 

r 

Period 

In. 

Min. 

In. 

Hrs. 

In. 

Feb.  22,  8  a.m. 

0.99 

No  record 

Feb.  24,  8  a.m. 

0.32 

5  min. 

0.08 

100 

0.08 

13.75 

0.30 

10  min. 

0.11 

100 

0.08 

13.75 

0.30 

Ihr. 

0.24 

90 

0.06 

13.5 

0.28 

Apr.  26,  8  a.m. 

0.33 

5  min. 

0.10 

10 

0.06 

17.75 

0.26 

10  min. 

0.18 

10 

0.06 

17.75 

0.26 

Ihr. 

0.33 

0 

0.00 

17.5 

0.20 

Relation  Between  Maximum  and  Average  Intensities 

Although  the  record  is,  perhaps,  not  long  enough  to  justify 
any  definite  conclusion,  an  attempt  has  been  made  to  determine 
the  relation  between  the  maximum  intensity  for  an  individual 
storm  and  the  average  intensity  for  the  whole  storm.  In  this 
attempt  Table  III  was  constructed.  The  storms  have  not  been 
separated  on  the  basis  of  barometric  conditions ;  they  represent 
rain-periods  rather  than  cyclones ;  but  as  the  relation  of  the 
heavy  fall  to  the  average  gage-catch  for  longer  periods  was 
desired  this  seems  the  more  desirable  procedure.  In  the  study 
to  determine  the  probability  of  rainfall  of  important  intensity 
for  Table  I  an  arbitrary  period  of  twelve  hours  was  necessarily 
used.  If  a  ratio  can  be  determined  between  actual  maximum 
intensities  and  average  intensities,  both  from  automatic  records, 
there  is  a  probability  that  data  from  non-automatic  gages  can 
be  analyzed  in  such  a  way  that  an  idea  of  the  intensities  may  be 
obtained. 

In  Table  III  the  relations  are  given  for  each  storm.  A  study 
of  this  table  leads  to  the  conclusion  that,  for  Berkeley  at  least, 
the  most  probable  maximum  intensity  for  a  one-hour  period  is 
1.8  times  the  average  intensity  for  the  whole  storm,  but  that 
the  result  obtained  may  be  only  half  the  actual  maximum ;  for 
shorter  periods  no  usable  ratio  can  be  established ;  the  actual 
intensity  for  a  five-minute  period  may  be  more  than  twenty  times 
the  average  intensity. 
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TABLE  III 

Eatio  of  Average  Intensities  of  All  Storms,  January,  1911-February, 

1915,  TO  THE  Maximum  Intensities  for  Short  Periods 

AT  Berkeley,  California 

[Eecords  from  recording  gage  at  Civil  Engineering  Building] 


T)flfp 

Total 

rain  for 

storm 

In. 

Duration 

of  actual 

rainfall 

Hrs. 

Average 
intensity 
in  per  hr. 

Maximum  intensity, 
in.  per  hr.,  for 

A 

Ratio  of  maximum  to 
average  intensity 

A 

1911 

1  hr. 

10  min. 

5  min. 

1  hr. 

10  min. 

5  min 

Jan.   13-15 

3.24 

30 

0.11 

0.39 

0.78 

1.56 

3.55 

7.09 

14.18 

20 

1.86 

19 

0.10 

0.35 

0.48 

0.60 

3.50 

4.80 

6.00 

24 

2.17 

18 

0.12 

0.36 

0.42 

0.60 

3.00 

3.52 

5.00 

25-26 

0.36 

2 

0.18 

0.19 

0.66 

0.96 

1.06 

3.66 

5.33 

27-28 

1.43 

11.5 

0.12 

0.33 

0.54 

0.60 

2.75 

4.50 

5.00 

29-31 

2.84 

29 

0.10 

0.32 

0.72 

1.08 

3.20 

7.20 

10.80 

Feb.     1-2 

0.67 

5 

0.13 

0.16 

0.30 

0.36 

1.23 

2.31 

2.77 

11 

0.57 

4.75 

0.12 

0.16 

0.30 

0.36 

••1.33 

2.50 

3.00 

28 

0.75 

5.5 

0.14 

0.27 

0.36 

0.48 

1.93 

2.57 

3.42 

Mar.    1 

0.30 

4.5 

0.07 

0.10 

0.18 

0.24 

1.43 

2.57 

3.42 

2-7 

3.99 

25.25 

0.16 

0.51 

1.92 

3.48 

3.19 

12.00 

21.75 

8 

0.17 

2 

0.08 

0.09 

0.18 

0.24 

1.13 

2.25 

3.00 

9 

0.43 

6.25 

0.07 

0.10 

0.24 

0.36 

1.43 

5.96 

5.14 

Dec.  31 


0.18 


2.75 


0.07 


0.07       0.18       0.24 


1.00       2.57       3.43 


1912 

Jan.     8-11 
16 
24-26 


0.37 
0.25 
1.45 


7.5 

2.25 
9.25 


0.05 
0.11 
0.16 


0.05 
0.17 

0.38 


0.12 
0.60 
1.08 


0.24 
0.72 
1.20 


1.00 
1.54 

2.37 


2.40  4.80 
5.45  6.54 
6.75       7.50 


Feb.     7 

13-14 


0.15 
0.34 


3 
2.25 


0.05 
0.15 


0.05 
0.18 


0.12 
0.18 


0.12 
0.24 


1.00 
1.20 


2.40 
1.20 


2.40 
1.60 


Mar.  12 
15 


1.17 

0.41 


12.5 
3.5 


0.09 
0.12 


0.26 
0.18 


0.42 
0.36 


0.48 
1.36 


2.89 
1.50 


4.67 
3.00 


5.34 
3.00 


Apr.     9-11 

May  22 

25-26 


0.74 

0.11 
0.69 


7.75 

1.5 
5.75 


0.10 

0.07 
0.12 


0.18       0.72       1.08 


0.08 
0.19 


0.48 
0.30 


0.96 

0.48 


1.80       7.20     10.80 


1.14 

1.58 


6.96 
2.50 


13.70 
4.00 


Sept.    5-6  1.18 


Oct.   22-23 
29 


0.19 
0.13 


9 

2.75 
1.5 


0.13 

0.07 
0.09 


0.28       0.54       0.60 


0.07 
0.09 


0.18 
0.18 


0.24 
0.24 


2.15       4.15       4.61 


1.00 
1.00 


2.57 
2.00 


3.42 
2.67 


Nov.    3-4 
5-7 
19 


0.21 
2.29 

0.28 


2.75 

21.75 

1.75 


0.07 
0.11 
0.16 


0.07 
0.21 
0.24 


0.18 
0.42 

0.48 


0.24 
0.48 
0.60 


1.00 
1.90 
1.50 


2.57 
3.82 
3.00 


3.42 
4.36 
3.75 


Dec.  14-17 


1.45 


14.25 


0.10 


0.26       0.78       1.20 


2.60       7.80     12.00 
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TABLE  III- 

— {Continued) 

Date 
1913 

Total 

rain  for 

storm 

In. 

Duration 

of  actual 

rainfall 

Hrs. 

Average 
intensity 
in  per  hr. 

Maximum  intensity, 
in.  per  hr.,  for 

A 

Ratio  of  maxim 
average  inten 

A 

r 

1  hr.      10  min. 

um  to 

sity 

Ihr. 

10  min. 

5  mm. 

^ 
5  min. 

Jan.     8-9 

0.72 

4.75 

0.15 

0.30 

0.78 

0.96 

2.00 

5.20 

6.40 

12-18 

2.55 

26.25 

0.10 

0.23 

0.66 

0.96 

2.30 

6.60 

9.60 

Mar.  17-18 

0.81 

7.25 

0.11 

0.21 

0.78 

1.08 

1.90 

7.09 

9.82 

21-22 

0.71 

6 

0.12 

0.18 

0.36 

0.36 

1.50 

3.00 

3.00 

23 

0.40 

4.25 

0.09 

0.16 

0.36 

0.48 

1.80 

4.00 

5.34 

Apr.     3 

0.16 

2.75 

0.06 

0.06 

0.12 

0.12 

1.00 

2.00 

2.00 

5 

0.19 

1.75 

0.11 

0.12 

0.18 

0.24 

1.09 

1.64 

2.18 

Nov.    3-6 

0.45 

5 

0.09 

0.09 

0.18 

0.24 

1.00 

2.00 

2.67 

10-13 

0.81 

9.75 

0.08 

0.13 

0.18 

0.24 

1.62 

2.25 

3.00 

18 

1.26 

8.75 

0.14 

0.33 

0.48 

0.60 

2.36 

3.43 

4.28 

20 

0.53^ 

4.75 

0.12 

0.35 

0.78 

0.96 

2.92 

6.50 

8.00 

Dec.  10-11 

0.20 

2 

0.10 

0.10 

0.24 

0.24 

1.00 

2.40 

2.40 

29-31 

3.08 

27.25 

0.11 

0.33 

0.78 

0.84 

3.00 

7.09 

7.64 

1914 

Jan.   12-14 

3.95 

22 

0.18 

0.52 

0.72 

0.96 

2.89 

4.00 

5.33 

Feb.   16-22 

3.73 

33.75 

0.11 

0.22 

0.72 

0.72 

2.00 

6.54 

6.55 

Mar.  30-31 

1.02 

5.25 

0.19 

0.44 

0.84 

1.20 

2.32 

4.42 

6.33 

Apr.     4 

0.50 

3 

0.17 

0.32 

0.60 

0.72 

1.88 

3.53 

4.23 

Oct.    17 

0.56 

4.25 

0.13 

0.21 

0.48 

0.60 

1.62 

3.69 

4.61 

19 

0.19 

2.5 

0.08 

0.08 

0.12 

0.12 

1.00 

1.50 

1.50 

Nov.     1 

0.20 

3.5 

0.06 

0.06 

0.18 

0.24 

1.00 

3.00 

4.00 

27-28 

0.11 

3.75 

0.03 

0.03 

0.24 

0.24 

1.00 

8.00 

8.00 

Dec.     1 

0.45 

2.75 

0.16 

0.25 

0.42 

0.48 

1.56 

2.62 

3.00 

2-3 

0.84 

6.25 

0.13 

0.33 

0.66 

0.72 

2.52 

5.08 

5.54 

4-5 

0.46 

4.5 

0.10 

0.15 

0.30 

0.48 

1.50 

3.00 

4.80 

6 

0.25 

1.25 

0.20 

0.22 

0.72 

1.20 

1.10 

3.60 

6.00 

9-11 

1.38 

14 

0.10 

0.21 

0.48 

0.60 

2.10 

4.80 

6.00 

16-18 

2.25 

15.75 

0.14 

0.43 

0.54 

0.60 

3.07 

3.86 

4.28 

19 

0.11 

3 

0.04 

0.04 

0.06 

0.12 

1.00 

1.50 

3.00 

1915 

Jan.     3-4 

0.42 

3.25 

0.13 

0.15 

0.84 

1.56 

1.15 

6.46 

1.20 

5-6 

0.75 

6.75 

0.11 

0.26 

0.84 

1.08 

2.36 

7.64 

9.82 

8 

0.89 

3.75 

0.24 

0.52 

1.08 

1.56 

2.16 

4.50 

6.50 

11-14 

0.99 

9 

0.11 

0.30 

0.36 

0.48 

2.73 

3.27 

4.36 

21 

0.11 

2.25 

0.05 

0.05 

0.12 

0.12 

1.00 

2.40 

2.40 

24-31 

4.40 

49.75 

0.09 

0.21 

0.42 

0.84 

2.34 

4.67 

9.33 

Vol.  1]    Eeed. — Rainfall  Data  of  Berkeley,  California,  II         108 


TABLE  111— (Concluded) 


Date 
1915 


Feb. 


7-11 
16-17 
19-20 
23-24 

27-28 

Maximum 
Average 


Total 

rain  for 

storn-. 

In. 

2.76 
1.02 
0.53 
0.56 
0.42 


Duration 

of  actual 

rainfall 

Hrs. 

21.75 


4.5 
5.25 

4.75 


Average 
intensity 
in  per  hr. 

0.13 

0.13 

0.12 

0.10 

0.09 


Maximum  intensity, 
in.  per  hr.,  for 


Ratio  of  maximum  to 
average  intensity 


1  hr.      10  min.     5  min.         1  hr.      10  min.     5  min. 


0.31  0.60  0.60 

0.31  1.38  2.04 

0.16  0.30  0.48 

0.24  0.66  0.96 

0.22  0.24  0.24 


2.38  4.61  4.61 

2.38  10.62  1.57 

1.33  2.50  4.00 

2.40  6.60  9.60 

2.45  2.67  2.67 

3.55  12.00  21.75 

1.82  4.34  5.45 


Table  IV  gives  the  relations  between  the  intensity  of  heavy 
continuous  downpours  and  the  maximum  intensity  during  the 
downpour.  It  is  similar  to  Table  III.  These  data  show  that, 
when  gage  readings  are  made  after  each  downpour  and  the 
duration  of  the  downpour  noted,  the  most  probable  maximum 
intensity  for  a  five-minute  period  during  the  downpour  is  4.0 
times  the  average  intensity,  and  that  the  most  probable  maximum 
intensity  for  a  ten-minute  period  is  2.9  times  the  average  in- 
tensity for  the  downpour.  In  both  cases  the  results  may  be  only 
half  the  actual  maximum  intensity. 


TABLE  IV 

Eatio  of  Average  Intensity  of  Heavy  Continuous  Downpour  to 

Maximum    Intensity    for  Short    Periods,    Berkeley, 

California,  January,  1911,  to  February,  1915 

[Records  from  recording  gage  at  Civil  Engineering  Building] 


Date 
1911 

Continuous  downpour 

A 

r                                            "1 
Total         Dur-       Average 
rain          ation      intensity 
In.           Min.    In.  per  hr. 

Maximum 

intensity,  in. 

per  hr.,  for 

Ratio  of  maxi- 
mum to  average 
intensity  for 

A 

r    - 

5  min. 

] 

LO  min. 

5  min. 

10  min 

Jan. 

14,  8  a.m. 

0.62 

140 

0.27 

0.72 

0.60 

2.66 

2.22 

20,  8  a.m. 

1.12 

350 

0.19 

0.60 

0.48 

3.19 

2.52 

24  8  p.m. 

1.09 

310 

0.21 

0.48 

0.42 

2.28 

2.00 

28,  8  a.m. 

0.56 

235 

0.14 

0.60 

0.54 

4.28 

3.96 

30,  8  p.m. 

0.41 

110 

0.22 

1.08 

0.72 

4.91 

3.27 

Mar. 

,    5,  8  a.m. 

0.16 

35 

0.27 

1.08 

0.72 

4.00 

2.66 

7,  8  a.m. 

0.62 

90 

0.41 

3.48 

1.92 

8.50 

4.68 
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Date 
1912 

Jan  26,  8  a.m. 
Apr.  10,  8  p.m. 
Dec.  14,  8  p.m. 


TABLE  TV— (Concluded) 


Continuous  downpour 

A . 

Total         Dur-       Average 
rain  ation       intensity 

In.  Min.     In.  per  hr. 

0.38  45  0.51 


0.18 


0.28 


Maximum 

intensity,  in. 

per  hr.,  for 


55 


80 


0,20 


0.21 


5  min. 
1.20 

1.08 

1.20 


10  min. 
1.08 

1.72 

0.78 


Ratio  of  maxi- 
mum to  average 
intensity  for 


5  min. 
2.36 


10  min. 
2.22 


5.40         3.60 
5.72         3.71 


1913 

.  8,  8  p.m. 

0.51 

170 

0.18 

0.96 

0.78 

5.33 

4.33 

16,  8  p.m. 

0.28 

100 

0.17 

0.96 

0.66 

5.65 

3.88 

Mar.  17,  8  p.m.         0.18 


35 


0.31 


1.08 


0.78 


3.50 


2.51 


Nov. 

18, 

8  p.m. 

0.79 

240 

0.20 

0.60 

0.48 

3.00 

2.40 

20, 

8  a.m. 

0.39 

80 

0.29 

0.96 

0.78 

3.31 

2.69 

Dec. 

30, 

8  p.m. 

0.83 

255 

0.20 

0.72 

0.60 

3.60 

3.00 

31, 

8  p  111. 
1914 

0.37 

120 

0.18 

0.84 

0.78 

4.66 

4.33 

Jan. 

12, 

8  p.m. 

2.08 

360 

0.35 

0.96 

0.72 

2.74 

2.06 

14, 

8  a.m. 

0.31 

100 

0.19 

0.60 

0.42 

3.15 

2.21 

17, 

8  p.m. 

0.29 

100 

0.17 

0.84 

0.60 

4.94 

3.53 

Mar. 

29, 

8  a.m. 

0.82 

^120 

0.41 

1.20 

0.84 

2.93 

2.05 

Apr. 

4, 

8  a.m. 

0.36 

80 

0.27 

0.72 

0.60 

2.66 

2.22 

Dec. 

2, 

8  p.m. 

0.46 

120 

0.23 

0.72 

0.66 

3.12 

2.87 

6, 

8  p.m. 

0.24 

65 

0.22 

1.20 

0.72 

5.45 

3  27 

16, 

8  p.m. 

1.28 

345 

0.22 

0.60 

0.54 

3.67 

2.45 

1915 

Jan. 

6, 

8  a.m. 

0.43 

125 

0.21 

1.08 

0.84 

5.14 

4.00 

8, 

8  a.m. 

0.71 

110 

0.39 

1.56 

1.08 

4.00 

2.77 

11, 

8  p.m. 

0.35 

75 

0.28 

0.36 

0.36 

1.28 

1.28 

Feb. 

2 

8  a.m. 

0.27 

110 

0.15 

0.84 

0.42 

5.60 

2.80 

7, 

8  p.m. 

0.86 

215 

0.24 

0.60 

0.60 

2.50 

2.50 

16, 

8  p.m. 

0.30 

35 

0.51 

2.04 

1.38 

4.00 

2.71 

24, 

8  a.m. 

0.24 

40 

0.36 

0.96 

0.66 

2.66 

2.20 

Maximum 

2.08 

360 

0.51 

3.48 

1.92 

8.50 

4.68 

Average 

0.56 

139 

0.25 

1.00 

0.73 

4.00 

2.92 
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Amount  and  Duration  of  Precipitation  Preceding  Maximum 

Intensity 

In  the  consideration  of  the  rnn-off  of  rainfall  of  marked 
intensities  the  condition  of  the  ground  at  the  time  of  maximum 
intensity  becomes  an  important  factor.  At  Berkeley  frozen 
ground  does  not  affect  the  problem,  but  the  amount  and  duration 
of  rainfall  immediately  preceding  the  maximum  are  of  consid- 
erable importance.^  Data  of  this  kind  for  Berkeley  have  been 
prepared.  Tables  V  and  VI  show  the  relations  preceding  the 
maximum  rainfall  for  five-minute  periods.  In  preparing  these 
tables  it  was  assumed  that  continuous  rain  was  falling  as  long 
as  0.01  inch  or  more  was  recorded  every  fifteen  minutes.  Tables 
VII  and  VIII  show  the  relations  between  the  amount  and  dura- 


TABLE  V 

Percentage  of  Cases  in  Which  the  Maximum  Intensity  of  Rainfall 

FOR  Five  Minutes  Occurred  Within  a  Given  Period  From  the 

Beginning  of  Continuous  Heavy  Rain 


Maximum  intensity 
5  minutes  from  the  beg 
10  minutes  from  the  beg 
20  minutes  from  the  begi 
30  minutes  frOm  the  beg 
40  minutes  from  the  beg 


for  five  minutes  occurred  within 

inning  of  heavy  rain  29% 

inning  of  heavy  rain  40 

nning  of  heavy  rain  52 

inning  of  heavy  rain  61 

inning  of  heavy  rain  63 


60  minutes  from  the  beg 

90  minutes  from  the  beg 

120  minutes  from  the  beg 

180  minutes  from  the  begin 

240  minutes  from  the  beg 


300  minutes  from  the  beg 
360  minutes  from  the  beg 
420  minutes  from  the  beg 


inning  of  heavy  rain  66 

inning  of  heavy  rain  77 

inning  of  heavy  rain  86 

ning  of  heavy  rain  91 

inning  of  heavy  rain  95 


inning  of  heavy  rain  97 

inning  of  heavy  rain  98 

inning  of  heavy  rain  99 


480  minutes  from  the  beginning  of  heavy  rain 


100 


6  See  Henry,  A.  J.,  Rainfall  of  the  United  States,  U.  S.  Wea.  Bur., 
Bull.  D  (Washington,  1897),  p.  53,  also  published  in  Annual  Report  of 
the  Chief  of  the  Weather  Bureau,  1896-97  (Washington,  1897),  p.  363; 
and  correspondence  from  A.  J.  Henry  in  Journ.  Western  Soc.  Engrs., 
vol.  4  (Chicago,  1899),  jjp.  165-166,  in  discussion  (pp.  147-194)  of  E. 
Duryea,  Jr.,  "Tables  of  excessive  precipitations  of  rain  at  Chicago,  111., 
from  1889  to  1897,  inclusive,"  pp.  73-105;  Metcalf  and  Eddy,  American 
sewerage  practice,  vol.  1,  p.  268. 
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tion  of  rainfall  in  the  preceding  part  of  the  storm  and  the  occur- 
rence of  the  maximum  amount  of  rain  in  a  single  hour.  It  was 
assumed  that  the  storm  continued  over  all  twelve-hour  periods 
during  which  measurable  precipitation  was  recorded. 


TABLE  VI 

Percentage  of  Cases  in  Which  the  Maximum  Intensity  of  Rainfall 

FOR  Five  Minutes  Was  Preceded  by  Continuous  Rain 

OF  A  Given  Amount 

Maximum  intensity  for 
5  min.  occurred  after  a  fall  of 

0.10  inch  or  less  60% 

0.20  inch  or  less  81 

0.30  inch  or  less  86 

0.40  inch  or  less  93 

0.60  inch  or  less  96 

1.00  inch  or  less  99 

1.80  inches  or  less  1.00 


TABLE  VII 

Percentage  of  Cases  in  Which  the  Maximum  Intensity  of  Rainfall 

FOR  One  Hour  Occurred  Within  a  Given  Period  From  the 

Beginning  of  the  Storm 

Maximum  intensity  for  one  hour  occurred  within 

1  hour  from  the  beginning  of  the  storm  20% 

2  hours  from  the  beginning  of  the  storm  32 

3  hours  from  the  beginning  of  the  storm  35 

4  hours  from  the  beginning  of  the  storm  38 

5  hours  from  the  beginning  of  the  storm  44 

6  hours  from  the  beginning  of  the  storm  47 

12  hours  from  the  beginning  of  the  storm  58 

18  hours  from  the  beginning  of  the  storm  67 

24  hours  from  the  beginning  of  the  strom  76 

30  hours  from  the  beginning  of  the  storm  82 

36  hours  from  the  beginning  of  the  storm  86 

42  hours  from  the  beginning  of  the  storm  87 

48  hours  from  the  beginning  of  the  storm  89 

54  hours  from  the  beginning  of  the  storm  93 

60  hours  from  the  beginning  of  the  storm  95 

72  hours  from  the  beginning  of  the  storm  98 

108  hours  from  the  beginning  of  the  storm  100 


Intel. sity  of  rainfall   (i)   in  inches  per  hour 
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TABLE  VIII 

Percentage  of  Cases  in  Which  the  Maximum  Intensity  of  Rainfall 

FOR  One  Hour  Was  Preceded  by  a  Storm  of  a  Given  Amount 

Maximum  intensity  for 
1  hour  occurred  after  a  fall  of 

0.10  inch  or  less  25% 

0.20  inch  or  less  34 

0.30  inch  or  less  46 

0.40  inch  or  less  51 

0.50  inch  or  less  55 

0.60  inch  or  less  61 

0.70  inch  or  less  65 

0.80  inch  or  less  66 

0.90  inch  or  less  70 

1.00  inch  or  less  71 

1.20  inches  or  less  77 

1.40  inches  or  less 82 

1.60  inches  or  less  84 

1.80  inches  or  less  88 

2.00  inches  or  less  90 

2.50  inches  or  less  94 

3.00  inches  or  less 100 


Curves  of  Maximum  Intensity  of  Precipitation 

Figure  1  is  a  comparison  of  various  intensity  curves  which 
have  been  proposed  for  the  vicinity  of  San  Francisco.  The 
LeConte  curve  is  based  on  the  record  of  a  severe  storm  of 
December,  1866,  and  also  on  records  of  the  United  States 
Weather  Bureau.  Table  IX  shows  these  records  as  tabulated 
by  LeConte  and  Table  X  is  a  comparison  of  the  recorded  in- 
tensity with  the  intensity  of  rainfall  indicated  by  the  LeConte 
curve. 

All  the  maximum  observed  intensities  shown  in  these  tables, 
except  for  the  five-  and  ten-minute  periods,  occurred  during  the 
storm  of  December,  1866,  when  an  intensity  of  0.76  inch  per 
hour  was  recorded  as  prevailing  for  three  hours.  As  automatic 
registers  were  not  in  use,  no  short-period  records  are  available 
for  this  storm.  Rainfall  observations  by  the  United  States 
Signal  Service  (now  the  Weather  Bureau)  were  begun  in  1871; 
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TABLE  IX 

Intensity  of  Eainfall  at  San  Francisco,  California 
[Data  for  the  LeConte  Curve'''] 

Rainfall        Duration    Intensity  in 


Date 
December  19,  1866 
December  19,  1866 
December  19,  1866 
December  19,  1866 
December  19,  1866 

December  20,  1866 
January  20,  1894 
January  20,  1894 
January  20,  1894 
November  23,  1896 

November  23,  1896 
November  23,  1896 
October  12,  1899 
February  22,  1901 
February  22,  1901 

October  23,  1902 
October  23,  1902 
January  27,  1903 
February  7,  1903 
February  7,  1903 


m  in. 
7.76 
1.97 
2.27 
0.85 
1.20 

1.37 
0.36 
0.19 
0.16 
0.55 

0.14 
0.08 
0.09 
0.21 
0.17 

0.20 
0.16 
0.06 
0.23 
0.19 


m  min. 

1260 
300 
180 
125 
190 

435 

60 

10 

5 

60 

10 
5 
5 

10 
5 

IP 
5 
2 

10 
5 


in.  per  hr. 
0.37 
0.40 
0.76 
0.41 
0.38 

0.20 
0.36 
1.14 
1.92 
0.55 

0.84 
0.96 
1.08 
1.26 
2.04 

1.20 
1.92 
1.80 
1.38 

2.28 


TABLE  X 


Comparison  Between  Observed  Precipitation  as  Shown  in  Table  IX 
and  That  Indicated  by  LeConte  Curve 


Duration 

Min. 

Maximum 
observed 
intensity 

In.  per  hr. 

Intensity 

indicated  by 

LeConte  curve 

In.  per  hr. 

1260 

0.37 

0.20 

180 

0.76 

0.52 

60 

0.76 

0.91 

10 

1.38 

2.21 

5 

2.28 

3.14 

■7  LeConte,  L.  J.,  Intensity  of  rainfall  at  San  Francisco,  California, 
Trans.  Amer.  Soc.  C.  E.,  vol.  54  (N.  Y.,  1905),  pp.  197-198;  in  discussion 
of  Sherman,  C.  W.,  ''Maximum  rates  of  rainfall  at  Boston,"  pp.  173-202. 
The  early  data  are  quoted  by  McAdie  as  follows: 


Date 

Time 

In. 

In.  per  hr 

December  20, 

1866 

11:30 

a.m. 

to  4:45 

p.m. 

1.97 

0.37 

December  20, 

1866 

4:45 

p.m. 

to  7:45 

p.m. 

2.27 

0.76 

December  20, 

1866 

7:45 

p.m. 

to  9:50 

p.m. 

0.85 

0.41 

December  20- 

-21,  1866 

9:50 

p.m. 

to  1:00 

a.m. 

1.20 

0.39 

December  21, 

1866 

1:00 

a.m. 

to  8:15 

a.m. 

1.47 

0.20 

Total,  7.76         0.37 
See  McAdie,  A.  G.,  Eainfall  of  California,  Univ.  Calif.  Publ.  Geog., 
vol.  1,  no.  4  (pp.  127-240),  1914,  p.  211. 
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and,  although  no  intensities  for  periods  of  less  than  one  hour 
were  observed  before  1893,  it  is  certain  that  the  prolonged  in- 
tense downpour  of  0.76  inch  per  hour  for  three  hours  has  not 
been  approached  since  1871,  and  probably  not  since  1866.  If 
this  record  be  excluded,  because  of  its  unofficial  and  hence  some- 
what doubtful  character,  especially  since  it  has  not  been  equaled 
in  forty-four  consecutive  years,  there  is  little  justification  in 
providing  for  the  high  intensities  of  the  LeConte  curve. 

The  Grunsky  curve  of  1908  is  based  on  the  automatic  records 
of  the  United  States  Weather  Bureau  at  San  Francisco  from 
1893  to  1908.  This  curve  is  probably  a  fair  representation  of 
the  maximum  intensities  for  the  city  of  San  Francisco.^ 

However,  the  precipitation  for  the  eastern  shore  of  San 
Francisco  Bay  is  heavier  than  that  for  the  city  of  San  Francisco, 
not  only  in  annual  amount  but  also  in  intensities.  The  Hyde 
curve'*  and  the  proposed  modifications  of  it  are  applicable  to 
the  east  bay  cities.  The  original  curve  was  based  on  records 
made  by  the  city  engineer  of  Oakland  during  1906.  The  inten- 
sities shown  by  this  curve  have  been  exceeded  at  Berkeley  only 
once  from  January,  1911,  to  May,  1915,  judging  by  the  record 
of  the  gage  at  the  Civil  Engineering  Building.  This  record 
shows  an  intensity  at  the  rate  of  3.48  inches  per  hour  prevailing 
for  five  minutes  on  March  7,  1911.  The  maximum  intensity  for 
ten  minutes  for  the  same  storm  was  at  the  rate  of  1.98  inches  per 
hour,  which  is  practically  the  same  as  that  shown  by  the  curve. 
It  is  a  simple  matter  to  modify  the  curve  on  the  basis  of  this 
record.  The  modification  may  be  accomplished  by  drawing 
through  the  rate  of  3.50  inches  per  hour,  prevailing  for  five 
minutes,  a  curve  which  becomes  tangent  to  and  coincident  with 
the  original  curve  at  an  intensity  of  2.00  inches  per  hour,  pre- 
vailing for  ten  minutes. 

Various  empirical  formulas  have  been  devised  to  represent 
intensities  of  downpour  as  a  function  of  the  duration  of  the 
downpour.  In  general,  curves  are  preferable  to  mathematical 
formulas ;  but  formulas  may  be  of  use  in  applying  general  laws 


8  Grunsky,  C.  E.,  The  sewer  system  of  San  Francisco,  and  a  solution 
of  the  storm-water  flow  problem,  Trans.  Amer.  Soc.  C.  E,,  vol.  65,  pp. 
294-422  (New  York,  1909),  p.  316. 

9  Hyde,  C.  G.,  Eeport  on  Richmond  sewers,  1910. 
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of  intensities  for  one  region  to  regions  where  the  conditions  are 
similar  but  where  records  of  rainfall  are  inadequate/^  For  this 
reason  an  effort  has  been  made  to  find  a  formula  which  would 
agree  closely  with  the  curve  drawn  for  Berkeley.  The  procedure 
was  to  write  i  =  F  {t,  a,h),  where  i  is  the  maximum  intensity  in 
inches  per  hour  and  t  is  the  duration  of  downpour  in  minutes; 
a  and  h  are  constants  in  the  formula  to  be  determined.  By  substi- 
tuting corresponding  known  values  for  i  and  t,  a  and  h  can  be 
solved  for.  The  known  values  used  were  Avhen  t  =  5  minutes, 
i  =  3.50  inches  per  hour;  when  t  =  60  minutes,  i  =  0.75  inches 
per  hour.  Various  types  of  parabolic  and  exponential  formulas 
were  tried,  but  all  such  curves  have  too  slight  a  curvature  in  the 
region  of  fifteen  to  forty-five  minutes'  duration  of  downpour. 
The  proposed  type  i  =  5.25  -^-  (^-^  —  0.75)  agrees  well  with  the 
curve,  except  that  it  gives  an  intensity  ten  per  cent  too  great  for 
ten  minutes'  duration  of  downpour.  The  mathematical  form, 
however,  has  the  advantage  that  its  slope  at  the  five-minute 
duration  is  not  so  great  and,  hence,  if  the  curve  is  extended  to 
three-  or  two-minute  duration  it  does  not  give  such  excessive 
values.  In  this  respect  it  corresponds  more  closely  with  the  facts. 
Table  XI  is  a  comparison  of  the  values  obtained  from  the 
various  curves  with  each  other  and  with  the  observed  maxima 
in  inches  per  hour  for  various  periods  from  the  Berkeley  record 
from  January  12,  1911,  to  April  30,  1915. 

Frequency  of  Heavy  Rainfalls 

Under  certain  conditions  it  might  be  gross  economic  folly  to 
design  a  structure  for  the  absolute  maximum  storm.  But  if  the 
design  is  made  for  a  storm  of  less  severity  than  the  maximum 
it  is  well  to  know  how  often  the  structure  will  be  inadequate. 
Therefore  figure  2  has  been  prepared ;  this  figure  shows  curves 
for  the  severity  of  a  storm  that  may  reasonably  be  expected  to 
occur  once  in  five  years,  once  in  two  years,  once  a  year,  twice  a 
year,  and  four  times  a  year.^^  These  curves  are  of  questionable 
reliability  because  of  the  shortness  of  the  record  (five  years)  and 
also  because  the  record  is  not  complete. 


10  See  Metcalf  and  Eddy,  American  sewerage  practice,  vol.  1,  pp.  227-231. 

11  See  Metcalf  and  Eddy,  American  sewerage  practice,  vol.  1,  pp.  231-234. 


Vol.  1]    Eecd. — Rainfall  Data  of  Berkeley,  California,  II         111 

The  method  of  constructing  figure  2  may  be  explained  by 
assuming  that  the  record  shows  all  the  rainy  days  of  the  five- 
year  period  over  which  it  extends.  All  the  storms  with  rainfall 
of  important  intensity,  that  is,  those  in  which  0.30  inch  in  one 
hour  or  0.07  inch  in  five  minute  was  exceeded,  were  tabulated. 
For  these  storms  the  maximum  total  fall  in  each  of  six  periods — 
five,  ten,  twenty,  and  thirty  minutes,  and  one  and  two  hours — 


-^3.0 


-a  2.5 


s  0.5 


40  50  60  70 

Time   (f)   in  minutes 
Fig.  2 

I  Absolute  Maximum  Storm. 
II.  Storm  Probably  Equalled  or  Exceeded  Once  in  Five  Years. 

III.  Storm  Probably  Exceeded  Once  in  Two  Years. 

IV.  Storm  Probably  Exceeded  Once  a  Year. 
V.  Storm  Probably  Exceeded  Twice  a  Year. 

VI.  Storm  Probably  Exceeded  Four  Times  a  Year. 

were  listed,  and  the  corresponding  intensities  in  inches  per  hour 
were  computed.  The  results  appear  in  Table  XII.  In  Table 
XIII  the  intensities  for  each  period  shown  by  Table  XII  are 
arranged  in  order  of  magnitude.  The  first  line  of  Table  XIII 
shows  the  maximum  storm  which  may  reasonably  be  expected 
to  be  equalled  or  exceeded  once  in  the  period  covered  by  the 
record ;  the  second  line  shows  that  which  may  be  expected  to  be 
equalled  or  exceeded  twice  in  the  period ;  and  so  on  to  the  last 
line,  which  shows  a  storm  which  will  probably  be  equalled  or 
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exceeded  twenty  times.  These  have  been  plotted  and  the  curves 
of  figure  2  are  the  results  for  the  storms  to  be  expected  less  often 
than  five  times  a  year.  The  curve  for  the  maximum  storm  occur- 
ring once  in  two  years  was  obtained  by  plotting  the  mean  of  the 
second  and  third  lines. 

It  has  been  shown  above  that  when  0.80  inch  falls  in  twelve 
hours  it  is  probable  that  a  fall  of  0.30  inch  in  one  hour  or  0.07 
inch  in  five  minutes  has  been  equalled.  There  have  occurred 
eight  twelve-hour  periods  since  June,  1910,  during  which  0.80 
inch  of  rain  has  fallen  and  for  which  no  records  for  short  periods 
are  available.  These  gaps  in  the  record  constituted  a  serious 
difficulty  in  drawing  figure  2.     This  difficulty  has  been  met  as 

TABLE  XIII 

Maximum  Intensities  of  Eainfall  at  Berkeley,  California,  May,  1910, 

TO  May,  1915 

[Records  from  recording  gage  at  Civil  Engineering  Building] 
Maximum  intensity  in  inches  per  hour 


Order  of    r 

magnitude  5  min. 

10  min. 

20  min. 

30  min. 

ihr. 

2  hr. 

1 

3.48 

1.92 

1.08 

0.82 

0.52 

0.43 

2 

2.04 

1.38 

0.84 

0.64 

0.52 

0.41 

3 

1.56 

1.08 

0.81 

0.62 

0.51 

0.40 

4 

1.56 

1.08 

0.75 

0.60 

0.46 

0.38 

5 

1.20 

[0.96] 

0.69 

[0.60] 

0.44 

0.36 

6 

7 

8 

9 

10 

1.20 
1.20 
1.20 
1.08 
1.08 

[0.96] 
[0.90] 
[0.90] 
[0.90] 
[0.90] 

[0.66] 
[0.66] 
[0.66] 
[0.66] 
[0.63] 

[0.56] 

0.56 

[0.54] 

[0.54] 

0.54 

0.43 
0.39 
[0.39] 
0.38 
0.36 

0.34 
0.33 
0.31 
0.31 
[0.30] 

11 

1.08 

[0.90] 

[0.63] 

0.54 

0.35 

0.30 

12 

1.08 

0.84 

[0.63] 

0.54 

0.35 

0.30 

13 
14 
15 

1.08 
[0.96] 
[0.96] 

0.84 
0.78 

0.78 

0.63 

[0.63] 

0.63 

[0.54] 

[0.54] 

0.52 

[0.34] 

[0.33] 

0.35 

[0.30] 

[0.30] 

0.30 

16 
17 

[0.96] 
0.96 

0.78 
0.78 

0.57 
0.57 

0.50 
[0.50] 

0.33 
[0.33] 

[0.30] 
0.29 

18 

0.96 

0.78 

0.57 

0.46 

0.33 

0.28 

19 

0.96 

0.78 

0.54 

0.46 

[0.33] 

0.26 

20 

[0.96] 

0.72 

0.54 

0.44 

0.33 

0.26 

Note. — Intensit 

;ies  in  br; 

ickets  computed  from  I'ecord 

for  other 

periods. 
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follows:  the  total  rainfall  in  twelve  hours  was  plotted  against 
the  corresponding  maximum  fall  in  the  various  short  periods 
shown  in  Table  XII;  through  these  points  were  drawn  "curves 
of  greatest  probability";  in  reality  these  curves  show  too  great 
probable  falls  in  the  short  periods,  as  they  were  drawn  with 
reference  to  the  plotted  points  alone,  and  these  points  represent 
short-period  falls  of  marked  intensity;  from  the  curves,  the 
greatest  fall  in  each  of  the  short  periods  was  estimated  for  the 
twelve-hour  periods  for  which  records  of  intensity  for  the  shorter 
periods  are  lacking.  These  estimated  falls  have  been  entered 
in  tables  XII  and  XIII  enclosed  in  brackets. 

This  method  of  filling  in  the  intensities  for  which  there  are 
no  direct  measurements  introduces  a  possible  error  into  the  re- 
sulting curves,  but  it  seems  to  be  the  only  available  means  of 
supplying  the  missing  data.  The  short-period  intensities  of 
March  7,  1911,  are  probably  very  unusual,  and  it  is  not  likely 
that  such  rates  of  rainfall  will  occur  as  often  as  once  in  five 
years.  If  this  storm  had  been  omitted,  the  curves  would  have 
been  much  flatter  in  the  region  of  the  shorter  periods. 
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FORMULAE  AND  TABLES  FOR  THE  DESIGN 
OF  AIR-CORE   INDUCTANCE   COILS 

BY 

FREDERICK  EUGENE  PERNOT 

Bulletin  of  the  Department  of  Electrical  Engineering 

In  a  recent  bulletin  of  the  University  of  Illinois,  "  Inductance 
of  Coils,"  by  Morgan  Brooks  and  H.  M.  Turner,  was  presented 
a  very  useful  collection  of  data  relative  to  the  design  of  air-core 
inductance  coils,  as  well  as  a  ''  universal  formula  "  for  use  in 
the  calculation  of  the  value  of  the  self-inductance  of  coils  of 
known  dimensions.  It  has  appeared  to  the  writer,  after  numer- 
ous applications  of  the  material  given  in  the  above-named  bulle- 
tin, that  a  considerable  amount  of  further  work  along  this  subject 
would  be  valuable.  This  has  actually  been  the  case  as  observed 
in  the  application  of  the  material  contained  in  the  following. 

The  problem  of  coil  design  as  ordinarily  presented  consists 
in  designing  an  air-core  coil  which  will  possess  a  specified  in- 
ductance as  well  as  resistance.  Further,  it  may  be  desirable  to 
make  the  coil  of  such  shape  as  to  yield  the  maximum  inductance 
with  a  given  amount  of  material,  or  else  it  may  be  desirable  to 
construct  the  coil  so  that  it  will  have  a  certain  defined  shape,  or 
ratios  among  its  linear  dimensions.  The  first  case,  maximum 
economy  of  material,  is  discussed  in  the  Illinois  bulletin,  but  the 
presentation  is  not  in  such  form  as  to  accommodate  itself  to  the 
prel  minary  specifications — definite  values  of  resistance  and  self- 
inductance.  Unless  one  is  very  familiar  with  the  problem  and 
the  use  of  available  material,  the  solution  of  a  problem  as  pre- 
sented above  is  usually  a  matter  of  several  hours  of  exasperating 
approximations.  It  is  the  purpose  of  this  paper  to  present  formu- 
lae and  tables  of  constants  leading  directly  to  the  solution  of 
such  problems,  by  the  use  of  equations  exactly  defining  each  of 
the  unknown  and  desired  quantities  in  terms  of  the  known  or 
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given  quantities.  The  tables  furnish  values  of  the  constants 
which  enter  into  these  equations. 

All  numerical  values  as  given  in  the  tables  for  multilayer 
coils  are  based  on  a  formula  given  in  the  above-named  reference, 
which  gives,  with  sufficient  accuracy  for  design  purposes,  the 
self-inductance  of  any  closely  wound  coil  in  terms  of  the  dimen- 
sions of  the  coil.  A  full  discussion  of  the  accuracy  of  this  formula, 
with  actual  experimental  verification,  is  furnished  in  the  bulletin 
containing  it.  The  results  of  these  comparisons  are  such  as  to 
warrant  its  acceptance;  particularly  so  in  the  light  of  the  ad- 
vantages offered  by  a  formula  which  is  continuously  applicable 
throughout  the  extreme  ranges  in  coil  shapes.  The  matter  of 
single-layer  coils  is  treated  later,  and  does  not  utilize  the  Brooks- 
Turner  formula. 

The  formula  for  self-inductance  as  given  in  the  Brooks- 
Turner  paper  is,  for  coils  with  a  rectangular  winding  section, 

(27rriV)2 
L  =  7    ,    ,  ,/,      F'F''10-'  henrys,*  (1) 

in  which 

r  =  mean  radius  of  coil,  in  centimeters, 
h  =  axial  length  of  coU,  in  centimeters, 
t  =  radial  thickness  of  winding,  in  centimeters, 

N  =  total  number  of  turns  in  coil, 

F'  and  F"  are  correction  factors  depending  on  the  coil  shape 

106  +  13^  +  2r 


F'  = 


106  +  10.7^  -i-  1.4r 

14r  +  7t 


(2) 


r'  =  0.5  1og.o^lOO+2^^3^ 

Take  now  as  the  general  type  form  of  equation, 

L  =  c-^g-  henrys,  (3) 

in  which  the  factor  c  in  the  numerator  is  a  corrective  factor 
depending  only  upon  the  coil  shape. 

Comparing   (1)   and   (3),  it  is  seen  that  in  order  that  the 

*  The  notation  used  here  is  slightly  different  from  that  of  the  above 
reference.  In  Brooks's  formula  a  fourth  dimension,  external  radius,  is  intro- 
duced, but  in  the  above  it  is  eliminated,  since 

external  radius  =  mean  radius  +  2  thickness. 
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two  equations  be  identical,  the  factor  c  must  be  given  by 

b 


c  = 


Let 


Then 


F  = 


b  +  1.5^  +  r 
b 


F'F", 


b  +  1.5^  +  r 
c  =:  FF'F" 


(4) 


(5) 


Since  in  all  fractional  expressions  entering  the  equation  for  c, 
three  separate  dimensions  are  involved  without  any  constant 
term,  two  dimension-ratios,  which  fix  the  coil  shape,  also  suffice 
to  determine  the  value  of  c. 


Let 


r 


and        / 


J-  1 


r     Y 
b  =  Br,  t  =  Jr.  J 

Substituting  (6)  in  (3),  a  simphfied  expression  for  L  is 

(2xA^)Vc 


(6) 


L  = 


BW 


henrys 


(7) 


By  substituting  (6)  in  equations  (2)  and  (5)  the  correction- 
factor  c  is  expressed  in  terms  of  the  shape-ratios  B  and  /,  as, 

c  =  FF'F", 

B 


F  = 

r  = 


B  +  1.5/+  1.0' 
lOB  +  13/  -f-  2.0 


(8) 


105  +  10.7/ +  1.4' 

/  7/  +  14  \ 

F''  =  0.50  logio  y  100  +  2^+^/7  • 

The  preceding  formulae  are  general  and  are  therefore  appli- 
cable to  the  case  of  single-layer  coils,  corresponding  approximately 
to  the  case  /  =  0.  It  is  not  recommended,  however,  that  they 
be  applied  to  this  special  case,  as  the  subject  of  single-layer 
coils  will  be  taken  up  later  and  values  of  c  furnished  which  will 
be  more  nearly  accurate  than  would  be  give  a  by  formula  (8). 
As  before  stated,  the  above  formulae  are  sufficiently  accurate 
for  designs  relating  to  multi-layer  coils,  their  approximation 
being  within  one  or  two  per  cent  in  the  majority  of  cases. 
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By  (8)  it  is  seen  that  two  variable  shape-ratios  enter  into 
the  determination  of  c.  A  double-entry  table  is  necessary, 
therefore,  to  tabulate  values  of  c  for  all  possible  coil  shapes. 
For  use  in  the  computation  of  inductance  values  for  coils  whose 
dimensions  are  known,  Tables  I  and  II  were  prepared,  with 
values  of  B  and/  so  spaced  as  to  render  interpolation  convenient. 
The  range  covered  is  from  5  =  0.1  to  5  =  8.0  inclusive,  and 
from  /  =  0  to  /  =  1.2  inclusive,  which  should  be  sufficient  to 
cover  any  ordinary  case  of  air-core  inductance  coil.  The  values 
of  c  for/  =  0  are  computed  from  equation  (8),  and  are  furnished 
only  to  complete  the  table.  Their  use  is  not  recommended  as 
mentioned  above.  A  comparison  of  these  values  with  the 
coefficient  determined  for  this  special  case,  as  determined  from 
more  accurate  formulae  and  tabulated  as  described  under  the 
subject  of  single-layer  coils,  will  serve  as  an  indication  of  the 
accuracy  of  formula  (8). 

In  Tables  I  and  II  values  of  c  are  given  to  four  significant 
figures,  though  the  last  place  is  well  beyond  the  limit  of  approxi- 
mation of  the  formula,  and  is  not  therefore  significant.  It  is 
given  only  to  render  interpolation  more  convenient.  Table  I 
gives  values  of  log  c,  and  Table  II  gives  values  of  c. 

illustrative  Example 

What  is  the  self-inductance  of  a  coil  of  rectangular  winding 
section,  500  turns,  5.0  cm.  mean  radius,  10.0  cm.  axial  length, 
and  3.0  cm.  radial  thickness? 

r  =  5.0,  h  =  10.0,  t  =  3.0;  B  =  2.00,         /  =  0.60. 

From  Table  I,  log  c  =  9.7427  -  10 

2  log  27r     1.5964 

2  log  N     5.3979 

1 


log^ 

9.6990  - 

10 

log  r 

0.6990 

log  10-^ 

1.0000  - 

10 

logL 

8.1350  - 

10 

L  =  0.01365  henrys. 

For  values  of  B  and  /  lying  between  the  tabular  values,  a 
double  interpolation  will  of  course  be  required. 
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Formulae  for  Design 
Multilayer  Coils 

The  problem  here  presented  is  as  expressed  at  the  outset, 
namely,  to  express  the  dimensions  of  a  coil  in  terms  of  the  self- 
inductance  and  resistance  which  the  coil  is  to  possess.  A 
knowledge  of  the  constants  of  the  material  to  be  used  in  winding 
the  coil  is  of  course  required,  while  the  selection  of  the  shape- 
ratios,  B  and  /,  are  at  the  designer's  disposal — unless  it  is  desired 
to  wind  a  coil  giving  the  maximum  economy  of  material,  in 
which  case  the  shape-ratios  will  be  fixed,  as  shown  later. 

The  given  quantities  to  be  fulfilled  in  the  coil  are: 

L  =  self-inductance,  in  henrys, 
R  =  resistance  of  coil,  in  ohms, 

B  =  ratio  of  coil  length  to  mean  radius  =  ~  , 

r 

/  =  ratio  of  coil  thickness  to  mean  radius  =  -  . 

r 

As  determined  by  equation  (8)  in  terms  of  B  and  /,  Tables 
land  II: 

c  =  correction  factor  in  self-inductance  equation. 

As  auxiliary  quantities  whose   values   are   determined  by   the 
material  to  be  used  in  the  winding  of  the  coil : 

p  =  specific    resistance    of   conductor   material,    ohms   per 

centimeter^, 
w  =  specific  weight  of  conductor  material,  grams  per  c.c, 
d  =  space  factor  of  winding  =  ratio  of  conductor-area  in 

cross-section    of    winding    to    total    cross-section    of 

winding. 

As  unknowns: 

r  =  mean  radius  of  coil,  in  centimeters, 
A^  =  number  of  turns  required  in  winding, 
D  =  total  length  of  conductor  required,  in  centimeters, 
A  =  cross-sectional  area  of  conductor,  in  square  cm., 
W  =  total  weight  of  conductor  required,  in  grams. 

D      27rrNp    , 
K  =  p-j  =  — -z —  ohms.  (9) 
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Area  of  winding  section  =  th  =  Bfr^. 

Area  of  conductor  in  winding  section  =  dtb  =  dBfr^. 

» 

A  =     j^     sq.  cm.  (lU; 

Substituting  (10)  in  (9)  and  solving  for  N, 

dBfRr 

Substituting  (11)  in  (7)  and  solving  for  r, 

(  pLlO^  \i 

Substituting  (12)  in  (11)  and  solving  for  N, 

,,       {BHfRLl^'\\  ,     , 

^  =  (^.13^)'  (13) 

Substituting  (12)  and  (11)  in  (10)  and  solving  for  A, 

-^-^^  j- gv^m,.  (16) 

The  above  formulae,  (12)  to  (16)  inclusive,  express  all  of  the 
unknown  quantities  in  terms  of  the  knowns,  which  is  the  desired 
result.  Though  these  equations  are  in  themselves  complete,  for 
convenience  in  computation  and  tabulation  of  constants  they 
will  be  broken  up  in  the  following  manner. 
Mean  radius,  in  centimeters: 


r    =    Kr(^^y,  Kr    =    GrHr, 

^^    =    (iS)^'  ^'    =    {70)' 

Number  of  turns  in  coil : 

N    =   Kn{RL)^  ,  Kn    =    GnHn, 


(17) 


(18) 
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Total  length  of  conductor,  in  centimeters: 

D    ==   Kd  \~n    )    )  ^d   =    GdHd, 


Area  of  conductor  cross-section,  in  square  centimeters : 

A    =   Ka  I     D5    )    >  ^o.    —    GaHa, 

Total  weight  of  conductor,  in  grams: 


(19) 


(20) 


(21) 


The  desirability  of  breaking  up  the  fundamental  equations 
as  above  should  be  immediately  apparent.  It  is  seen  that  H  is 
dependent  only  upon  the  coil  shape,  since  B  and  /  define  the 
shape  as  well  as  the  constant  c  given  in  equation  (8).  It  is  to 
be  noted  also  that  G  is  independent  of  the  coil  shape,  but  de- 
pendent upon  the  winding  material.  Both  of  these  quantities, 
G  and  H,  are  independent  of  the  total  values  of  coil  resistance  or 
self-inductance,  and  therefore  their  product,  K,  is  independent 
of  the  resistance  or  self-inductance.  It  is  readily  seen  that  a 
tabulation  of  the  constants  G  for  various  kinds  of  material  is 
feasible,  as  is  also  a  tabulation  of  the  constant  H  for  various 
coil  shapes  by  means  of  a  double-entry  table  similar  to  the 
table  giving  c.  A  tabulation  of  the  constant  K  as  the  product 
of  these  two  quantities  would  be  quite  impracticable  if  a  large 
range  of  conditions  was  to  be  covered.  Since  the  logarithms  of 
the  quantities  G  and  H  are  tabulated,  the  extra  work  involved  in 
forming  their  product  is  insignificant. 

In  tabulating  log  G,  such  values  of  specific  resistance,  p, 
were  used  as  would  cover  the  normal  temperature  values  for 
copper  and  aluminum.     For  the  other  argument  in  a  double- 
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entry  table  the  space  factor  d  is  used,  with  values  covering  the 
range  from  d  =  0.40  to  c^  =  0.90  inclusive.  This  range  in 
values  of  d  should  cover  the  majority  of  cases. 

Table  III  gives  values  of  log  Gr. 

Table  IV  gives  values  of  log  Gn- 

Table  V  gives  values  of  log  Gd- 

Table  VI  gives  values  of  log  Ga- 

Since  Gw  involves  a  new  constant,  w  =  weight  per  cubic 
centimeter,  a  complete  tabulation  of  values  of  the  factor  Gw 
would  require  a  triple-entry  table.  To  avoid  this  difficulty,  in 
the  tabulation  of  Gw,  a  value  oi  w  =  8.89,  which  is  the  value 
for  copper,  is  used  with  the  values  of  specific  resistance  which 
apply  to  copper.  Also  in  connection  with  the  values  of  specific 
resistance  which  apply  to  aluminum,  the  value  oi  w  =  2.68  was 
used,  which  is  the  weight  of  aluminum  per  cubic  centimeter. 

Table  Vila  gives  values  of  log  Gw  for  such  values  of  specific 
resistance  and  weight  per  unit  volume  as  apply  to  copper; 
w  =  8.89. 

Table  VII6  gives  values  of  log  Gw  for  such  values  of  specific 
resistance  and  weight  per  unit  volume  as  apply  to  aluminum; 
w  =  2.68. 

In  the  tabulation  of  values  of  H  the  same  range  in  the  values 
of  B  and  /  is  covered^  as  was  used  in  the  tabulation  of  the  con- 
stant c. 

Tables  VIII  to  XI  inclusive  contain  values  of  log  H  as  used  in 
formulae  (17)  to  (21)  inclusive.  It  is  to  be  noted  from  formulae 
(19)  and  (20)  that  the  values  of  Ha  and  Ha  are  equal.  Therefore 
one  table  suffices  for  both  these  quantities.  Table  X  gives  values 
of  log  Hd  =  log  Ha. 

In  the  computation  of  these  values  of  log  H,  values  of  log  c 
were  taken  from  Table  I.  In  all  cases  the  computations  were 
carried  out  to  five  decimal  places,  the  last  place  in  the  logarithm 
being  dropped  in  arranging  the  tables,  so  that  the  values  as 
tabulated  are  correct  to  the  nearest  unit  in  the  fourth  place. 
This  is  true  in  regard  to  all  of  the  tables,  not  only  for  the  tables 
oiH, 

Since  the  determination  of  the  coefficient  G  depends  upon 
a  knowledge  of  the  space  factor  d,  it  seems  advisable  to  tabulate 
values  of  the  space  factor  for  the  more  common  types  of  winding 
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material.  Table  XII  contains  the  diameters  and  areas  of  sizes 
of  wire  represented  by  the  B.  &  S.  gauge.  The  space  factor  for 
different  kinds  of  insulation  is  also  given.  This  space  factor 
was  computed  from  Table  12  of  the  Brooks-Turner  bulletin, 
which  gives  the  number  of  wires  per  square  inch  of  winding 
area  for  wires  of  different  sizes  and  different  insulations.  Using 
the  number  of  wires  per  square  inch  in  connection  with  the 
area  given  for  this  size  of  wire,  the  space  factor  was  computed. 
If  values  of  space  factor  for  sizes  of  wire  other  than  those  listed 
in  the  table  are  desired,  a  sufficiently  accurate  value  may  be 
obtained  by  extrapolation  of  a  curve  plotted  from  the  tabular 
values. 

It  is  well  to  include  here  some  illustrations  of  the  use  of  the 
preceding  equations  and  the  tabular  data  as  applied  to  an  actual 
design  problem. 

Let  it  be  required  to  design  an  inductance  coil  to  have  a  self- 
inductance  of  0.350  henrys  and  a  resistance  of  8.0  ohms.  Double 
cotton-covered  wire  is  to  be  used  in  winding  the  coil.  At  the 
temperature  on  which  the  design  is  to  be  based  the  specific 
resistance  of  copper  is  p  =  1.70  X  10~^  As  undoubtedly  a 
rather  large  size  of  wire  will  be  required  to  give  such  a  low 
resistance,  it  is  safe  to  take  as  the  probable  value  of  space  factor 
from  Table  XII,  d  =  0.60.  The  coil  shape  is  to  be  such  that 
the  shape-ratios  have  the  values  B  =  2.00  and  /  =  0.50. 

Find  mean  radius  of  coil,  number  of  turns,  length  of  con- 
ductor, size  of  conductor  in  cross-section,  and  total  weight  of 
conductor. 

For  the  above  values,  from  the  respective  tables, 

log  Gr  =  1.3271  log  Gn  =  3.0383  log  Gd  =  5.1635 
log  Hr  =  0.2718  log  Hn  =  0.1359  log  Hd  =  0.4077 
log  Kr  =  1.5989         log  Kn  =  3.1742         log  Kd  =  5.5712 

log  Ga  =  9.3940  -  10        log  Gy,  =  5.5064 

log  Ha  =  0.4077 log  H^  =  0.8154 

log  Ka  =  9.8017  -  10        log  K^  =  6.3218 

Using  formulae  (17)  to  (21) : 
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log  L  =  9.54407  -  10,         log  R  =  0.90309. 

log  -  =  8.64098  -  10        log  (  -  j"  =  9.3205  -  10 

log  Kr        =  1.5989 


log  r  =  0.9194 

r  =  8.31  cm.  =  mean  radius. 
h  =  Br  =  16.62  cm.  =  axial  length. 
t  =  fr  =  4.16  cm.  =  radial  thickness. 

log  RL  =  0.44716         log  (RL)l  =0.1118 

log  Kn       =  3.1742 
log  N        =  3.2860 

N  =  1932  =  total  number  of  turns. 

log  U  =  28.63221  -  30         log  (  —  1    =  9.4323  -  10 

log  R   =    0.90309    log  Kd         =  5.5712 

log  —  =  37.72912  -  40         log  D  =  5.0035 

D  =  100800  cm.  =  total  length  of  conductor. 


log  L'  =  28.63221  -  30         log  (  —  1     =  8.5292  -  10 
log  R'  =    4.51545  '  log  Ka         =  9.8017  -  10 


R 
A  =  0.02142  sq.  cm.  =  area  of  conductor  cross-section. 


log  —  =  34.11676  -  40        log  A  =  8.3309  -  10 


—  =  25.92294  -  30         log  (  - 

log  Ka^         =  6.3218 


log—  =  25.92294  -  30         log  (  —  )"  =  7.9615  -  10 


log  W  =  4.2833 

W  =  19200   grams  =  total   weight   of   conductor,    exclusive   of 
insulation. 


The  above  computed  values  completely  fix  the  design  of  the 
coil.  The  area  of  conductor,  A  =  0.02142  sq.  cm.,  corresponds 
approximately  to  No.  14  B.  &  S.  gauge  wire,  for  which  a  space 
factor  of  0.60  is  given  in  Table  XII.  It  is  a  coincidence  that 
this  value  checks  exactly  with  the  value  assumed  at  the  outset. 
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Had  the  results  been  such  as  to  indicate  an  approximate  wire- 
size  having  a  very  different  space  factor  from  that  assumed, 
say  0.45,  it  would  be  advisable  to  make  a  new  computation  on 
the  basis  of  this  new  figure.  A  little  experience  in  such  design 
problems  will  soon  enable  one  to  make  the  preliminary  assump- 
tion as  regards  space  factor  fall  very  near  the  true  value. 

If  it  is  necessary  to  construct  the  coil  of  a  standard  size  of 
wire,  say  No.  14  B.  &  S.  gauge,  which  is  the  size  having  an  area 
nearest  that  derived  from  the  computation,  it  is  evident  from 
equation  (20)  that  it  is  impossible  to  construct  a  coil  of  the 
desired  shape,  inductance,  and  resistance,  if  the  material  and 
winding  constants  are  to  be  as  named.  Assuming  that  the 
inductance  value  cannot  be  changed,  we  can  determine  from 
equation  (20)  the  value  of  resistance  which  will  result  from  the 
use  of  this  standard  size  of  wire  in  place  of  the  exact  size  as 
computed  originally.  Then,  on  the  basis  of  ^,  L,  and  Ka  being 
fixed,  A  being  the  area  of  No.  14  wire,  by  solving  (20)  for  R, 


-  im- 


After  having  determined  thq  actual  value  of  R  for  the  fixed  size 
of  wire  by  the  above  equation,  a  new  solution  for  the  coil  dimen- 
sions must  be  made  by  equations  (17)  to  (21). 

The  last  process  above  should  serve  to  illustrate  the  great 
flexibility  of  the  preceding  method  of  expressing  the  design  form- 
ulae. Any  variety  of  combinations  of  formulae  may  be  made  in 
the  same  manner  as  above,  thus  giving  expressions  which  will 
accommodate  themselves  to  any  peculiar  set  of  conditions. 

Suppose,  for  instance,  as  a  further  illustration,  that  a  coil 
of  fixed  size  is  to  be  wound  so  as  to  possess  a  specified  value  of 
self -inductance,  L :  what  will  be  the  size  of  wire  required  and  the 
resulting  value  of  resistance? 

The  coil  size  being  fixed,  the  values  of  H  are  fixed,  and  if  the 
winding  material  is  decided  upon  and  an  average  value  of  space- 
factor  used,  G,  and  therefore  the  product  K  =  GH,  is  fixed. 
Solving  (17), 

iS  =  ^.  (23) 

In  (23),  Kr,  L,  and  r  are  known.     Using  the  value  of  R  as  deter- 
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mined,  all  other  quantities  as  defined  by  (18)   to  (21)  may  be 

determined. 

It  is  interesting  as  well  as  important  to  note  the  relation 

existing  between  equations  (17),  (20),  and  the  time  constant  of 

L 
the  coil,  T  =  —. 
K 

By  (17), 

r==KrTK         ^=£2-  (24) 

By  (24)  it  is  seen  that  for  a  given  coil  shape  and  conductor 
material,  giving  a  constant  Kr,  the  value  of  the  time  constant  is 
proportional  to  the  square  of  the  radius.  This  is  independent 
of  the  actual  size  of  the  wire  used  in  winding  and  also  of  the 
absolute  values  of  resistance  and  inductance.  That  is,  if  a  given 
spool  is  wound  with  any  size  of  conductor,  as  long  as  the  space 
factor  and  the  specific  resistance  of  the  material  remain  constant, 
the  time  constant  is  also  always  of  the  same  value.  The  radius 
required  to  give  a  specified  time  constant  is  then  proportional 
to  the  square  root  of  the  time  constant. 

By  (21), 

w  =  k„tK      r  =  (^~j  (25) 

Similar  remarks  as  were  offered  in  connection  with  (24) 
apply  to  (25).  For  a  given  coil  shape,  the  time  constant  is 
proportional  to  the  two-thirds  power  of  the  coil  weight.  The 
coil  weight  is  proportional  to  the  three-halves  power  of  the 
time  constant. 

Comparing  (24)  and  (25) 

TF  =  |^r'.  (26) 

The  values  of  Hu>  given  in  Table  XI  point  directly  to  the 
most  economical  shape  of  coil  to  give  specified  values  of  induct- 
ance and  resistance,  or  what  amounts  to  the  same  thing,  to 
give  a  maximum  inductance  from  a  given  length  of  wire  of  given 
size.  By  (21)  it  is  seen  that  for  given  L  and  R,  the  total  weight 
is  proportional  to  K^,  which  again  is  proportional  to  H^o  if  the 
specific  resistance  and  space  factor  are  kept  constant.     Table 
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XI  gives  a  minimum  value  of  Hw  for  coil-shape  ratios,  B  =  0.8 
and/  =  0.7,  for  which  log  H^,  =  0.7211.  These  values  of  shape 
ratios  for  maximum  economy  of  material  are  discussed  to  some 
length  in  the  Brooks-Turner  paper — the  values  being  given 
by  them  as  B  =  0.8  and  /  =  0.667.  By  a  careful  plotting  of 
curves  expressing  H^  as  a  function  of  B  and  /,  and  then  plotting 
new  curves  from  the  minima  of  the  original  curves,  the  values 
of  shape  ratios  which  give  the  minimum  value  to  Hw  were  found 
to  be  5  =  0.75  and  /  =  0.67.  The  differences  noted  between 
the  values  as  above  determined  and  those  of  the  Brooks-Turner 
paper  are  trivial,  since  the  corresponding  variations  in  Hw  are 
very  small.  As  a  matter  of  interest  in  determining  the  minimum 
of  (21),  however,  it  is  quite  certain  that  the  above  values  are 
correct  to  the  nearest  unit  in  the  last  place,  or  one  part  in  one 
hundred  and  thirty. 

For  B  =  0.75  and  /  =  0.67, 

log  c  =  9.4941  -  10,         c  =  0.3120,         log  Hr  =  0.3399, 

log  Hn  =  0.0205,         log  Hd  =  log  Ha  =  0.3604, 

log  Hw  =  0.7208. 

These  values  were  derived  by  direct  computation  and  not  by 
interpolation  from  the  tables.  The  variation  in  log  Hw  from  the 
tabulated  value  for  B  =  0.8  and  /  =  0.7  is  seen  to  be  but  three 
units  in  the  fourth  place — an  insignificant  matter  in  comparison 
with  the  acknowledged  inaccuracy  of  the  formula  for  c. 

Carrying  out  the  above  design  problem  for  L  =  0.350  henrys 
and  R  =  8.00  ohms  on  the  basis  of  a  coil  of  maximum  efficiency 
of  material  using  the  constants  listed  above,  we  have 

r  =  9.72  cm.,         N  =  1481,         D  =  90410  cm.,    . 
A  =  0.01921  sq.  cm.,         and         W  =  15440  grams, 

which  values  are  to  be  compared  with  the  previous  problem. 
The  weight  is  decreased  from  19,200  grams  to  15,440  grams — a 
decrease  of  19.6  per  cent,  of  the  old  figure. 

If  it  is  desired  to  express  the  results  in  English  units,  the 
following  conversion  factors  as  taken  to  five  places  from  the 
Smithsonian  Physical  Tables  may  be  used. 
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1  cm.  =  0.39370  in.,  log  k  =  9.59517  -  10, 

1  cm.  =  0.032808  ft.,  log  k  =  8.51598  -  10, 

1  sq.  cm.  =  197350  cir.  mil,  log  k  =  5.29524, 

1  gram  =  0.0022046  lb.,  log  k  =  7.34333  -  10 

Since  in  the  majority  of  cases  the  design  would  be  based  upon 
a  copper  winding,  a  separate  tabulation  for  use  with  English 
units  giving  log  K'  =  log  kGH  has  been  made.  This  tabulation, 
in  which  k  is  the  above  conversion  factor  and  G  is  taken  for  a 
value  of  p  ^  1.7223  X  10~^  and  d  =  0.60,  is  made  for  values  of 
H  embracing  the  range  of  coil  shapes  covered  in  Tables  VIII 
to  XL  This  value  of  specific  resistance  is  derived  from  data 
given  by  Electrical  Wires  (American  Steel  and  Wire  Co.),  where 
a  resistance  of  10.36  ohms  per  mil-foot  at  a  temperature  of 
68°  F  is  given.  The  value  of  space  factor,  d  =  0.60,  is  taken  as 
representing  with  considerable  approximation  all  values  given 
in  Table  XII.  By  noting. in  equations  (17)  to  (21),  it  is  seen 
that  since  d  enters  in  either  a  square  or  a  fourth  root,  errors  in 
its  selection  will  not  be  serious. 

The  idea  in  mind  in  the  preparation  of  these  tables  was  to 
furnish  a  means  for  a  rapid  determination  of  the  first  approxi- 
mation,  which  could  then  be  corrected  if  it  was  found  that  any 
of  the  assumed  quantities  (usually  space  factor)  differed  appre- 
ciably from  the  truth.  Ordinarily,  sufficiently  accurate  results 
will  be  furnished  without  further  correction. 

From  Tables  III  to  VII,  for  p  =  1.7223  X  10"^  d  =  0.60,  and 
w  =  8.89, 


log  Gr  =  1.3299 

log  Gn    = 

3.0369 

log  G,  = 

5.1650 

log  k    =  9.5952 

-  10     log  k     = 

0.0000 

log  k     = 

8.5160  - 

10 

log  kGr     0.9251 

log  kGn 

3.0369 

log  kGd 

3.6810 

log  Ga    = 

9.4011  -  10 

log    Gy, 

=  5.5149 

log  k     = 

5.2952 

log  k 

=  7.3433 

-  10 

log  kGa 

4.6963 

log  kGu 

,     2.8582 

The  above  values  of  kG  when  multiplied  by  H  give  the  values  of 
K'  to  be  used  instead  of  K  in  equations  (17)  to  (21)  in  order  that 
the  resulting  dimensions  be  expressed  in  the  following  units: 
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r'  =  mean  radius  expressed  in  inches      =  Kr  I   p  ) 

N  =  total  number  of  turns  =  Kn{RL)\ 

(  U\ 
D'  =  total  conductor  length,  in  feet         =  KJ  \~^  )    l     (c^n\ 

A'  =*  conductor  area,  in  circular  mils       =  KJ  I  ^5  ) 

W  =  total  weight  of  conductor,  pounds  =  KJ  \~Bz) 

As  in  the  other  tables,  all  values  were  calculated  to  five 
places  and  the  results  to  the  nearest  significant  figure  in  the 
fourth  place  of  the  logarithm  tabulated.  For  this  reason  the 
tabulated  values  of  K'  may  differ  by  one  unit  in  the  last  place 
from  the  result  obtained  by  multiplying  the  tabulated  value  of 
H  by  the  above  tabulated  value  of  kG.  This  matter  is  mentioned 
only  to  explain  such  discrepancies  in  case  they  are  noticed. 

Values  of  K'  as  above  defined  for  English  units  are  given  in 
Tables  XIII  to  XVII.  Equation  (27)  defines  the  use  of  this 
constant. 

Table  XVIII  contains  a  collection  of  all  the  above  constants 
for  application  to  coils  of  a  maximum-economy  shape.  The 
values  as  given  are  such  as  could  be  derived  by  interpolation 
from  the  general  tables. 

In  connection  with  the  design  of  multilayer  coils  one  more 
illustrative  example  will  be  given  to  illustrate  the  use  of  the 
K'  tables  (XIII  to  XVII  inclusive). 

Let  it  be  required  to  design  an  inductance  coil  to  possess  a 
self-inductance  of  0.35  henrys,  and  a  resistance  of  40.0  ohms. 
The  shape  of  the  coil  is  to  be  such  that  the  length  is  equal  to 
the  mean  radius  while  the  radial  thickness  of  the  winding  is  to 
be  one-half  of  the  mean  radius.  Then  B  =  1.0  and  /  =  0.50. 
These  values  are  used  in  the  respective  tables  as  arguments. 

Using  formula  (27) 

log  L  =  9.5441  -  10,         log  R  =  1.6021, 

log(-^  y    =  8.9710  -  10 

logK/         =  1.2714  (Table  XIII) 
log  r'  =  0.2424 
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log  {RL)l 

log  Kn' 

=  0.2866 

=  3.0595  (Table  XIV) 

log  N 

'-(f)' 

log  K/ 

=  3.3461 

=  9.2576  -  10 

=  4.0499  (Table  XV) 

logD' 

'-(i)' 

log  KJ 

=  3.3075 

=  7.6554  -  10 

=  5.0652  (Table  XVI) 

log  A' 

log  (^3) 
log  K^' 

=  2.7206 

=  6.9130  -  10 

=  3.5962  (Table  XVII) 

log  W 

=  0.5092 

Taking  out  the  numbers  corresponding  to  the  above  logarithms: 

r'  =  1.747  inches,  N  =  2219  turns, 

D'  =  2030  feet,  A'  =  525.5  circ.  mils, 

W  =  3.230  pounds. 

The  area  of  conductor  cross-section  as  determined  above, 
525.5  circ.  mils  is  approximately  that  of  No.  23,  B.  &  S.  gauge 
wire,  for  which,  by  Table  XII,  the  space  factor  in  the  case  of 
enamel  insulation  is  0.64.  For  single  silk  covering,  the  space* 
factor  is  given  as  0.59,  while  for  single  cotton  covering  the  space 
factor  is  given  as  0.57.  Since  the  values  of  K'  were  computed 
on  a  basis  of  0.60  as  space  factor,  the  results  of  the  above  com- 
putation are  sufficiently  accurate  for  design  purposes  without 
further  correction. 

Single-Layer  Inductance  Coils 

In  the  setting  up  of  design  formulae  for  single-layer  coils,  it 
is  not  necessary  to  concern  ourselves  here  with  the  discussion  of 
formulae  for  the  determination  of  the  self-inductance  of  such 
coils.  The  matter  has  been  very  carefully  worked  out,  and 
tables  of  the  numerical  value  of  constants  to  be  used  in  this 
determination   are   available.     A   very   complete    collection   of 
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such  formulae  and  tables  is  given  in  a  Bulletin  of  the  Bureau  of 
Standards.* 

A  convenient  formula  to  use  isf 

i2^rNyc 
L  =  ~^J-"  henrys,  (28) 

in  which 

r  =  radius  of  coil,  in  centimeters, 
N  =  total  number  of  turns  in  coil, 
h  =  axial  length  of  coil,  in  centimeters 
c  =  a  correction  factor  dependent  upon  the  ratio  of  b  to  r. 

It  is  to  be  noted  that  this  formula  is  of  the  same  form  as  the 
one  given  by  equation  (3)  for  multilayer  coils.  Therefore  the 
correction  factor  c  in  this  case  would  be  the  same  as  derived 
previously  for  the  multilayer  coil  for  the  special  case  of  zero 
thickness. 

Let 

_       coil  length  ,     , 

B  =  — ^  .  (29) 

coi.  radms 

Then  (28)  may  be  written 

=      BlO^     henrys.  (30) 

Values  of  the  constant  c  as  computed  by  Nagaoka  are  given 
as  a  function  of  the  coil  shape  in  the  above-mentioned  Bulletin 
of  the  Bureau  of  Standards. 

Let  A  =  cross-sectional  area  of  conductor,  sq.  cm., 
h  =  diameter  of  conductor  over  insulation,  cm. 

Then  the  expression  for  space  factor  for  the  case  of  a  single- 
layer  coil  can  be  defined  to  be 


A 


<f)' 


g  =  space  factor  =  t^  •  ^  —  (  ~ 

or  in  the  case  of  a  round  conductor  of  diameter  a, 

IT  a?- 
g  =  space  factor  =  7  Ti  • 

*  Bulletin  of  the  Bureau  of  Standards,  Reprint  No.  169. 

t  Bulletin  of  the  Bureau  of  Standards,  Reprint  No.  169,  p.  119. 


(31) 
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The  total  number  of  turns  on  the  coil  when  wound  with  adjacent 
turns  in  contact  is 

N=\=^.  (32) 

h       A2 

Let  R  =  total  resistance  of  the  coil, 

p  =  specific  resistance  of  the  winding  material. 
Then 

R='^.  (33) 

By  (32)  A  =  -^^  ,  which  substituted  in  (33)  gives 


m 


n='^.  (34) 


Solving  (34)  for  r,  substituting  this  value  of  r  in  equation 
(30),  and  again  solving  the  result  for  N,  we  have 

,,       fB'glO^RL\l 


Substituting  (35)  in  (34)  and  solving  for  r, 


=  (    ^ 

V  [2x) 


(36) 


■)YBdR^ 

> 

The  total  length  of  conductor  is  represented  by  D. 

D  =  2TrrN. 
Substituting  (35)  and  (36) 

Substituting  the  values  of  r  and  N  in  equation  (33)  and  solving 
for  A, 

If  W  is  the  total  weight  of  conductor  required  and  w  is  the 
weight  of  the  material  per  cubic  centimeter,  the  total  weight  W 
is  given  by  IF  =  wDA.     Using  (37)  and  (38)  we  have 

fp'B'WL^\i  ,     , 
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As  in  the  case  of  the  multilayer  coils,  the  equations  as  given 
above  serve  to  determine  all  the  unknown  quantities  required 
in  order  to  construct  a  single-layer  coil  of  given  shape,  resistance, 
and  self-inductance.  The  quantity  c  is  dependent  only  upon 
the  value  of  B,  whereas  before  the  quantity  c  was  dependent 
upon  B  and  /.  Following  the  method  used  in  the  case  of  multi- 
layer coils,  a  separation  of  the  above  equations  will  be  made, 
placing  together  the  quantities  dependent  only  upon  the  winding 
material  into  a  constant  G,  and  the  quantities  dependent  upon 
the  coil  shape  into  the  constant  H.  The  product  of  these  two 
constants  as  K  is  then  the  multiplier  to  be  used  in  connection 
with  the  function  of  L  and  R  as  given  in  the  various  equations. 

In  the  computation  of  the  tables,  the  constant  c  was  taken 
as  given  in  Table  XXI  of  the  above-mentioned  Bulletin  of  the 
Bureau  of  Standards,  as  computed  by  Nagaoka  for  use  in  his 
formula,  which  is  identical  with  that  of  equation  (28). 
Radius  of  coil  in  centimeters: 


r  =  if,(|) 


Kr    =    GrH 


r, 


Gr    —   [     z*^     N.    o    I     ,  Hr    — 


(40) 


(27r)y;  '  \Bc 

Number  of  turns  in  coil: 

^n    —   I     /o     X3       I     )  tin    — 


{2ivypj  '  ""      \C 

Total  length  of  conductor,  in  cent'meters: 

-D  =  i^d  I  —  j  ,         Kd  =  GdHd, 


^^  =  (S',j'     ^^  =  (fj- 


(42) 


Area  of  conductor  cross-section,  in  square  centimeters: 


A    —   Ka\     „fi    )     ,  Ka    =    GaHa, 


pn036\i  „        /52\i 


■0^6  U 


nCl    ^'^       ' 


(43) 
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Total  weight  of  conductor,  in  grams: 

VY  J^w  I     7->7    /     >  -^^w  ^w^wy 


(  pno72  \i  / 


(44) 


In  equation  (44)  w  is  of  course  the  weight  in  grams  per  cubic 
centimeter  of  the  winding  material. 

In  the  tabulation  of  the  various  constants  covering  the  design 
of  single-layer  coils  it  has  not  been  thought  necessary  to  cover 
such  an  extended  range  of  values  as  was  done  in  the  case  of 
multilayer  coils.  Therefore  in  the  tabulation  of  values  of  G  a 
single-entry  table  only  was  used.  The  value  of  specific  resistance 
was  taken  as  that  for  copper  at  ordinary  temperatures,  viz., 
1.7223  X  10~^,  which  is  the  previously  named  value  for  a  temper- 
ature of  20°  C.  The  so-called  space  factor,  g,  as  defined  in  (31) 
is  then  made  the  independent  variable  in  the  single-entry  table 
XIX  which  gives  the  corresponding  values  of  Gr,  Gn,  Gd,  Ga, 
and  Gw,  as  expressed  by  their  logarithms,  and  as  defined  by 
equations  (40)  to  (44). 

In  the  computation  of  the  values  of  H  the  constant  c  for 
different  coil  shapes  wa^  taken  from  the  tables  of  Nagaoka  as 
given  in  the  Bulletin  of  the  Bureau  of  Standards  previously 
referred  to.  Since  in  a  single-layer  coil  but  one  shape  ratio  is 
possible,  a  single-entry  table  is  sufficient,  in  contrast  to  the 
bulky  double-entry  table  required  for  the  multilayer  case.  Of 
course  the  factor  c  is  computed  on  the  basis  of  a  current  sheet 
of  the  same  radius  as  the  actual  coil,  but  the  slight  difference  in 
inductance  values  brought  about  by  the  finite  thickness  of  the 
winding  used  will  not  cause  any  error  appreciable  in  figures  of 
the  accuracy  desired  for  design  purposes.  Table  XX  contains 
values  of  log  c,  c,  and  the  logarithm  of  the  quantities  Hj,  Hn, 

Hd,  Ha,  and  Hw,  tabulated  with  values  of  --  as  argument.     It 

was  found  desirable  to  use  the  reciprocal  of  B  as  argument 
because  the  table  from  which  values  of  c  were  taken  was  arranged 
in  this  way.  No  inconvenience  is  introduced  by  this  procedure, 
since  it  is  as  easy  to  form  one  quantity  as  the  other. 
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As  illustration  of  the  use  of  the  preceding  formulae  and  the 
tables  constructed  therefor,  the  design  of  a  single-layer  coil  will 
be  given. 

Let  it  be  required  to  design  a  single-layer  coil  to  have  a  self- 
inductance  of  0.100  henrys  and  a  resistance  of  10.0  ohms.  The 
coil  shape  is  to  be  such  that  the  length  is  two  and  one-half  times 
the  radius.  The  material  to  be  used  is  round  copper  wire,  the 
diameter  of  which  inclusive  of  the  insulation  may  be  taken  as 
1.10  times  the  diameter  of  the  bare  wire.  This  is  an  average 
figure. 

L  =  0.100,         R  =  10.0,         B  =  2.5,         -^  =  0.40. 

By  (31) 

From  Tables  XIX  and  XX: 

Subscript r  n  d  a  w 

LogG 2.5307  2.4365  5.7654  0.0015  6.7157 

LogH 0.0006  0.2655  0.2661  0.2661  0.5322 

Log  K 2.5313  2.7020  6.0315  0.2676  7.2479 

1  T  3  1  1  7  4 

-  log  —  =  9.0000  -  10,         -  log  RL  =  0.0000,         -  log  -•  =  9.0000  -  10, 
5         R^  '5  '         5        R 

log  Kr  =  2.5313,  log  Kn  =  2.7020,  log  Kd  =  6.0315, 

log  r  =  1.5313,  log  N  =  2.7020,  log  D  =  5.0315, 

~  log  ^^  =  8.0000  -  10,         -  log  -  =  7.0000  -  10, 

log  Ka  =  0.2676,  log  K^  =  7.2479, 

log  A  =  8.2676  -  10,  log  W  =  4.2479. 

From  the  above  logarithms  of  the  dimension  values 

r  =  33.99  cm.,         N  =  503.5  turns,         D  =  107500  cm. 

A  =  0.01852  sq.  cm.,         W  =  17,700  grams. 

In  the  above  illustrative  problem  a  value  of  1.10  was  taken 
for  the  ratio  of  external  diameter  of  the  wire  with  its  insulation 
to  the  bare  diameter  of  the  wire.  This  figure  is  then  used  on  the 
basis  of  the  winding  being  made  so  that  adjacent  turns  of  wire 
are  in  contact.  As  before  specified,  if  the  adjacent  turns  are 
not  to  be  in  contact,  the  space  factor  g  must  be  defined  as  the 
ratio  of  the  wire  area  to  the  square  of  the  winding  pitch.     For 
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all  ordinary  round  insulated  wires,  the  value  of  the  space  factor 
is  readily  computed  as  above,  using  the  overall  diameter  as  given 
in  wire  tables.  It  is  to  be  noted  that  this  space  factor  is  approxi- 
mately constant  for  considerable  ranges  in  wire  sizes.  For 
single  cotton-covered  wire  its  value  ranges  between  0.46  for 
No.  28  wire  to  0.63  for  No.  14  wire. 

Following  the  method  adopted  for  multilayer  coils,  a  further 
tabulation  is  made  of  log  K'  =  log  kGH,  where  /c  is  a  conversion 
factor  to  express  the  results  in  EngHsh  units,  and  G  is  selected 
for  some  representative  value  of  space  factor  g. 

This  gives  rise  to  the  formulae 

r'  =  radius  of  coil,  in  inches 

A^  =' total  number  of  turns  in  coil 

D'  =  total  conductor  length,  in  feet  =  K' a  I  d"  1  >       (ak\ 

A'  =  conductor  area,  in  circular  mils 

W  =  total  weight  of  conductor,  in  pounds  =  K' 

Table  XXI  gives  values  of  log  K'  using  the  conversion  factors 
as  previously  tabulated*,  and  for  a  space  factor,  g  =  0.60.  For 
ordinary  design  purposes  this  value  of  space  factor  will  be  suf- 
ficiently accurate,  but  if  after  the  first  solution  a  wire  size  is 
found  for  which  a  very  different  space  factor  would  result,  a 
further  computation  on  the  basis  of  the  corrected  value  could  be 
made. 

Illustration  of  the  use  of  this  table  should  not  be  necessary, 
as  the  procedure  is  self-evident. 

It  is  interesting  to  note  that  in  the  same  way  as  for  multi- 
layer coils  it  is  possible  to  determine  a  coil  shape  which  will  give 
a  maximum  economy  in  the  use  of  the  material.  For  a  given 
type  of  conductor,  which  gives  thereby  a  constant  value  to  G, 
it  is  seen  by  equation  (44)  that  a  maximum  value  of  inductance 
will  be  obtained  from  a  given  amount  of  material  when  the  value 
of  Hw  is  a  minimum.     By  Table  XX  the  minimum  tabulated 

value  of  Hw  occurs  at  the  argument  —  =  1.5.     The  value  at 
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-^  =  1.0  differs  by  but  two  units  in  the  fourth  place  of  the 

logarithm.  By  carrying  the  computations  to  six  places  and 
obtaining  values  of  the  first  derivative  by  numerical  differentia- 
tion, it  was  possible  to  obtain  the  point  at  which  the  first  deriva- 
tive has  a  value  of  zero  with  considerable  accuracy  by  plotting 

the  curve.     This  procedure  gives  -^  =  1.226  for  a  minimum  value 

of  Hw.  That  is,  the  most  eflScient  coil  has  a  radius  1.226  times 
the  coil  length,  or  a  diameter  2.452  times  the  length — for  a  single- 
layer  coil.     B  =  -^  =  0.8157. 
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TABLE  1 

(27rNyrc      _„  , 

*  Values  of  log  c  from  equation  (8).         L  =  — 10  ^  henrys 

x> 

coil  length  ,      coil  thickness  ,.  -^       ^  ^  ,  ,         .  ^ 

B  = —  ,         /  =  : —  ,  r  =  mean  radius,         AT  =  total  number  of  turns 

mean  radius  mean  radius 


0.1 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1029 

0199 

§613 

9123 

8691 

8304 

7950 

7625 

7324 

7042 

6778 

6530 

6295 

0.2 

3198 

2623 

2143 

1718 

1335 

0984 

0660 

0359 

0078 

9814 

9565 

9330 

9107 

0.3 

4380 

3911 

3495 

3116 

2768 

2446 

2145 

1864 

1600 

1351 

1116 

0892 

0680 

0.4 

5165 

4758 

4385 

4040 

3719 

3420 

3139 

2875 

2626 

2390 

2166 

1953 

1750 

0.5 

5740 

5372 

5031 

4712 

4414 

4134 

3870 

3621 

3385 

3160 

2947 

2743 

2548 

0.6 

6182 

5844 

5528 

5231 

4952 

4688 

4439 

4202 

3978 

3764 

3559 

3364 

3170 

0.7 

6535 

6222 

5926 

5648 

5384 

5134 

4898 

4673 

4458 

4253 

4057 

3869 

3689 

0.8 

6824 

6532 

6254 

5990 

5741 

5504 

5278 

5063 

4858 

4661 

4473 

4292 

4119 

0.9 

7068 

6792 

6529 

6279 

6042 

5816 

5600 

5394 

5197 

5008 

4827 

4653 

4485 

1.0 

7276 

7013 

6764 

6526 

6300 

6084 

5878 

5680 

5490 

5308 

5133 

4965 

4803 

1.2 

7611 

7373 

7146 

6929 

6721 

6522 

6332 

6148 

5972 

5802 

5639 

5481 

5329 

1.4 

7871 

7653 

7444 

7244 

7052 

6867 

6690 

6519 

6354 

6195 

6042 

5893 

5749 

1.6 

8079 

7875 

7684 

7498 

7319 

7147 

6981 

6821 

6666 

6516 

6371 

6231 

6095 

1.8 

8249 

8062 

7882 

7708 

75i0 

7379 

7223 

7072 

6926 

6784 

6647 

6514 

6384 

2.0 

8392 

8216 

8047 

7884 

7727 

7575 

7427 

7284 

7146 

7012 

6882 

6755 

6632 

2.5 

8662 

8512 

8366 

8224 

8087 

7954 

7824 

7698 

7576 

7457 

7341 

7228 

7118 

3.0 

8854 

8722 

8593 

8468 

8346 

8228 

8112 

8000 

7890 

7783 

7679 

7576 

7476 

3.5 

8998 

8880 

8765 

8653 

8543 

8437 

8332 

8230 

8131 

8034 

7938 

7845 

7754 

4.0 

9110 

9003 

8899 

8797 

8698 

8601 

8506 

8412 

8321 

8232 

8144 

8059 

7974 

4.5 

9199 

9102 

9007 

8914 

8822 

8733 

8646 

8560 

8476 

8394 

8312 

8233 

8155 

5.0 

9272 

9182 

9095 

9009 

8925 

8843 

8762 

8682 

8604 

8528 

8452 

8378 

8306 

6.0 

9384 

9307 

9232 

9158 

9085 

9013 

8942 

8873 

8805 

8738 

8672 

8606 

8542 

7.0 

9466 

9388 

9332 

9267 

9203 

9139 

9077 

9016 

8955 

8895 

8836 

8778 

8720 

8.0 

9528 

9469 

9410 

9351 

9294 

9237 

9181 

9126 

9071 

9017 

8964 

8911 

8860 

*  The  mantissa  only  of  the  logarithm  is  tabulated.  For  all  values  except  those  marked  with 
the  dash,  the  characteristic  is  9.  —  10.  For  those  so  indicated,  the  characteristic  is  8.  —  10. 
Example:  for  B  =  1.4  and/  =  0.7,  log  c  =  9.6519  -  10. 
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TABLE   II 

(27riV)Vc 

*  Values  of  c  from  equation  (8).         L  = —  10  '  henrys 

B 

coil  length  ^       coil  thickness  ,.  ^^  i  ,         ^ 

B  = : — ,        /  = —  ,         r  =  mean  radms,        N  =  total  number  of  turns 

mean  radius  mean  radius 


0.1 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

.1267 

.1047 

.0915 

.0817 

.0740 

.0677 

.0624 

.0579 

.0540 

.0506 

.0476 

.0450 

.0426 

0.2 

2089 

1829 

1638 

1485 

1360 

1254 

1164 

1086 

1018 

0958 

0905 

0857 

0814 

0.3 

2742 

2461 

2236 

2049 

1891 

1756 

1639 

1536 

1446 

1365 

1293 

1228 

1169 

0.4 

3285 

2991 

2745 

2535 

2355 

2198 

2060 

1939 

1831 

1734 

1647 

1568 

1496 

0.5 

3750 

3445 

3185 

2960 

2763 

2591 

2438 

2302 

2180 

2070 

1971 

1881 

1798 

0.6 

4151 

3841 

3571 

3335 

3128 

2943 

2779 

2632 

2499 

2379 

2269 

2170 

2078 

0.7 

4503 

4190 

3914 

3671 

3455 

3262 

3089 

2933 

2791 

2663 

2545 

2437 

2338 

0.8 

4813 

4499 

4221 

3972 

3750 

3551 

3372 

3209 

3060 

2925 

2801 

2687 

2581 

0.9 

5092 

4777 

4497 

4246 

4020 

3816 

3631 

3463 

3309 

3168 

3039 

2919 

2809 

1.0 

5341 

5027 

4747 

4494 

4266 

4059 

3870 

3698 

3540 

3395 

3261 

3137 

3022 

1.2 

5769 

5461 

5183 

4930 

4700 

4490 

4297 

4119 

3956 

3804 

3664 

3533 

3411 

1.4 

6125 

5825 

5552 

5301 

5072 

4861 

4666 

4486 

4319 

4164 

4019 

3884 

3758 

1.6 

6425 

6131 

5867 

5621 

5394 

5184 

4990 

4809 

4641 

4483 

4336 

4198 

4069 

1.8 

6682 

6400 

6140 

5899 

5676 

5469 

5276 

5095 

4927 

4769 

4620 

4481 

4350 

2.0 

6905 

6632 

6379 

6144 

5925 

5721 

5530 

5351 

5184 

5026 

4877 

4737 

4604 

2.5 

7349 

7098 

6864 

6643 

6437 

6242 

6059 

5886 

5723 

5568 

5421 

5282 

5149 

3.0 

7682 

7451 

7233 

7028 

6834 

6650 

6475 

6310 

6152 

6002 

5860 

5723 

5593 

3.5 

7940 

7727 

7525 

7342 

7150 

6977 

6812 

6654 

6503 

6358 

6220 

6088 

5962 

4.0 

8146 

7949 

7760 

7581 

7410 

7245 

7089 

6938 

6794 

6656 

6523 

6395 

6272 

4.5 

8315 

8131 

7955 

7787 

7625 

7470 

7321 

7178 

7040 

6908 

6780 

6657 

6539 

5.0 

8456 

8284 

8119 

7960 

7808 

7661 

7519 

7383 

7252 

7125 

7002 

6884 

6770 

6.0 

8677 

8525 

8378 

8237 

8100 

7967 

7839 

7714 

7594 

7478 

7365 

7255 

7149 

7.0 

8843 

8686 

8575 

8447 

8323 

8202 

8085 

7972 

7861 

7754 

7649 

7547 

7447 

8.0 

8969 

8848 

8729 

8612 

8499 

8389 

8281 

8177 

8074 

7975 

7878 

7783 

7690 

*  The  decimal  point  is  to  be  placed  immediately  preceding  all  tabulated  values.     Example: 
for  B  =  2.5  and/  =  0.9,  c  =  0.5568. 
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TABLE  III 
Values  of  log  Gr  from  equation  (17). 


Gr  = 


plQg 

27rd 


*  p  =  resistance  per  (cm.)'',         d  =  space  factor 


\  d 
p'  \ 

1.55 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85 

0.90 

3950 

3695 

3466 

3259 

3070 

2896 

2735 

2585 

2445 

2314 

2190 

1.60 

4019 

3764 

3535 

3328 

3139 

2965 

2804 

2654 

2514 

2383 

2259 

1.65 

4086 

3831 

3602 

3395 

3206 

3032 

2871 

2721 

2581 

2449 

2325 

1.70 

4151 

3895 

3667 

3460 

3271 

3097 

2936 

2786 

2646 

2514 

2390 

1.75 

4214 

3958 

3730 

3523 

3334 

3160 

2999 

2849 

2709 

2577 

2453 

1.80 

4275 

4019 

3791 

3584 

3395 

3221 

3060 

2910 

2770 

2638 

2514 

1.85 

4335 

4079 

3850 

3643 

3454 

3280 

3120 

2970 

2830 

2698 

2574 

1.7223 

4179 

3924 

3695 

3488 

3299 

3125 

2964 

2814 

2674 

2543 

2418 

2.40 

4900 

4644 

4415 

4^08 

4019 

3846 

3685 

3535 

3395 

3263 

3139 

2.45 

4945 

4689 

4460 

4253 

4064 

3890 

3730 

3580 

3440 

3308 

3184 

2.50 

4989 

4733 

4504 

4297 

4108 

3934 

3773 

3624 

3483 

3352 

3228 

2.55 

5032 

4776 

4547 

4340 

4151 

3977 

3816 

3667 

3526 

3395 

3271 

2.60 

5074 

4818 

4589 

4382 

4193 

4019 

3858 

3709 

3569 

3437 

3313 

2.65 

5115 

4859 

4631 

4424 

4235 

4061 

3900 

3750 

3610 

3478 

3354 

*  For  convenience  in  tabulation,  p'  =  plO^.  In  the  table,  only  the  mantissa 
of  the  logarithm  is  given.  In  all  cases  the  characteristic  is  1.  Example:  for 
p  =  1.75  X  10-«  and  d  =  0.85,  log  Gr  =  1.2577. 
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TABLE  IV 
Values  of  log  Gn  from  equation  (18). 
*  p  =  resistance  per  (cm.)^, 


Gn 


dlO^ 


(27r)V 
d  =  space  factor 


1.55 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85  0.90 

0043 

0171 

0285 

0389 

0483 

0570 

0651 

0726 

0796 

0861  0923 

1.60 

0008 

0136 

0251 

0354 

0449 

0536 

0616 

0691 

0761 

0827  0889 

1.65 

§975 

0103 

0217 

0321 

0415 

0502 

0583 

0658 

0728 

0794  0856 

1.70 

9943 

0071 

0185 

0289 

0383 

0470 

0550 

0625 

0695 

0761  0823 

1.75 

9911 

0039 

0153 

0257 

0351 

0438 

0519 

0594 

0664 

0730  0792 

1.80 

988I 

0009 

0123 

0226 

0321 

0408 

0488 

0563 

0633 

0699  0761 

1.85 

9851 

§979 

0093 

0197 

0291 

0378 

0458 

0533 

0603 

0669  0731 

1.7223 

9928 

0056 

0171 

0274 

0369 

0456 

0536 

0611 

0681 

0747  0809 

2.40 

§568 

§696 

§811 

§914 

0008 

0095 

0176 

0251 

0321 

0387  0449 

2.45 

§546 

§674 

§788 

§892 

§986 

0073 

0154 

0228 

0298 

0364  0426 

2.50 

§524 

§652 

§766 

§870 

§964 

0051 

0132 

0206 

0277 

0342  0404 

2.55 

§502 

§630 

§745 

§848 

§943 

0030 

0110 

0185 

0255 

0321  0383 

2.60 

§481 

§609 

§724 

§827 

§922 

0009 

0089 

0164 

0234 

0300  0362 

2.65 

§461 

§589 

§703 

§806 

§901 

§988 

0068 

0143 

0213 

0279  0341 

*  For  convenience  in  tabulation  p'  =  plO'^.  The  mantissa  only  of  the  logarithm 
is  tabulated.  For  all  values  except  those  marked  with  a  dash,  the  characteristic 
is  3.  For  those  so  indicated,  the  characteristic  is  2.  Example:  for  p  =  2.55  X  10~^ 
and  d  =  0.55,  log  Gn  =  2.9848. 
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TABLE  V 

Values  of  log  Gd  from  equation  (19).         Gd 

*  p  =  resistance  per  (cm.)^,         d  =  space  factor 


_/pl027^¥ 

~\  2Trd 


\  d 
1.55 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85 

0.90 

1975 

1847 

1733 

1629 

1535 

1448 

1368 

1293 

1223 

1157 

1095 

1.60 

2010 

1882 

1767 

1664 

1570 

1483 

1402 

1327 

1257 

1191 

1129 

1.65 

2043 

1915 

1801 

1697 

1603 

1516 

1436 

1361 

1290 

1225 

1163 

1.70 

2076 

1948 

1833 

1730 

1635 

1548 

1468 

1393 

1323 

1257 

1195 

1.75 

2107 

1979 

1865 

1761 

1667 

1580 

1499 

1424 

1354 

1289 

1227 

1.80 

2138 

2010 

1895 

1792 

1697 

1610 

1530 

1455 

1385 

1319 

1257 

1.85 

2167 

2039 

1925 

1822 

1727 

1640 

1560 

1485 

1415 

1349 

1287 

1.7223 

2090 

1962 

1847 

1744 

1650 

1563 

1482 

1407 

1337 

1271 

1209 

2.40 

2450 

2322 

2208 

2104 

2010 

1923 

1842 

1767 

1697 

1632 

1570 

2.45 

2472 

2344 

2230 

2126 

2032 

1945 

1865 

1790 

1720 

1654 

1592 

2.50 

2494 

2366 

2252 

2148 

2054 

1967 

1887 

1812 

1742 

1676 

1614 

2.55 

2516 

2388 

2274 

2170 

2076 

1989 

1908 

1833 

1783 

1697 

1635 

2.60 

2537 

2409 

2295 

2191 

2097 

2010 

1929 

1854 

1784 

1718 

1656 

2.65 

2558 

2430 

2315 

2212 

2117 

2030 

1950 

1875 

1805 

1739 

1677 

*  For  convenience  in  tabulation,  p'  =  plO^.  The  mantissa  only  of  the  logarithm 
is  tabulated.  In  all  cases  the  characteristic  is  5.  Example:  for  p  =  1.80  X  10~® 
and  d  =  0.70,  log  Ga  =  5.1530. 
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TABLE  VI 
Values  of  log  Ga  from  equation  (20).         Ga  =  I  '^-    .    ) 

\   ZTra   I 

*  p  =  resistance  per  (cm.)^,        d  =  space  factor 


(J,  =  fo^^V 


\  d 
1.55 

0.4C 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85 

0.90 

3879 

3751 

3636 

3533 

3438 

3351 

3271 

3196 

3126 

3060 

2998 

1.60 

4051 

3923 

3809 

3705 

3611 

3524 

3443 

3368 

3298 

3232 

3170 

1.65 

4218 

4090 

3976 

3872 

3778 

3691 

3610 

3535 

3465 

3400 

3338 

1.70 

4380 

4252 

4138 

4034 

3940 

3853 

3772 

3697 

3627 

3562 

3500 

1.75 

4537 

4409 

4295 

4192 

4097 

4010 

3930 

3855 

3785 

3719 

3657 

1.80 

4690 

4562 

4448 

4345 

4250 

4163 

4083 

4008 

3938 

3872 

3810 

1.85 

4839 

4711 

4597 

4493 

4399 

,4312 

4231 

4157 

4087 

4021 

3959 

1.7223 

4451 

4323 

4209 

4105 

4011 

3924 

3843 

3768 

3698 

3632 

3570 

2.40 

6252 

6124 

6010 

5906 

5812 

5725 

5644 

5569 

5499 

5434 

5372 

2.45 

6364 

6235 

6121 

6018 

5924 

5837 

5756 

5681 

5611 

5546 

5484 

2.50 

6474 

6346 

6231 

6128 

6033 

5947 

5866 

5791 

5721 

5655 

5593 

2.55 

6581 

6453 

6339 

6235 

6141 

6054 

5974 

5899 

5829 

5763 

5701 

2.60 

6687 

6559 

6444 

6341 

6246 

6159 

6079 

6004 

5934 

5868 

5806 

2.65 

6790 

6662 

6548 

6444 

6350 

6263 

6182 

6107 

6037 

5972 

5910 

*  For  convenience  in  tabulation,  p'  =  plO^.  The  mantissa  only  of  the  logarithm 
is  tabulated.  In  all  cases  the  characteristic  is  9.  —  10.  Example:  for  p  =  2.45 
X  10-6  and  d  =  0.80,  log  Ga  =  9.5611  -  10. 
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TABLE  VII 


Values  of  log  Gw  from  equation  (21) 
p  =  resistance  per  (cm.)^.         d  =  space  factor 


Gy,     =    W 


pno" 


2',rd 
w  =  weight  in  grams  per  c.c 

Table  Vila.     For  copper;  w  =  8.89,  log  w  =  0.9489 


1.55 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85 

0.90 

5343 

5087 

4858 

4651 

4462 

4289 

4128 

3978 

3838 

3706 

3582 

1.60 

5550 

5294 

5065 

4858 

4669 

4495 

4334 

4185 

4044 

3913 

3789 

1.65 

5750 

5494 

5266 

5059 

4870 

4696 

4535 

4385 

4245 

4113 

3989 

1.70 

5945 

5689 

5460 

5253 

5064 

4890 

4729 

4580 

4439 

4308 

4184 

1.75 

6133 

5878 

5649 

5442 

5253 

5079 

4918 

4768 

4628 

4497 

4372 

1.80 

6317 

6061 

5832 

5625 

5436 

5263 

5102 

4952 

4812 

4680 

4556 

1.85 

6495 

6240 

6011 

5804 

5615 

5441 

5280 

5130 

4990 

4859 

4734 

1.7223 

6029 

5774 

5545 

5338 

5149 

4975 

4814 

4664 

4524 

4393 

4269 

Table  Yllh.     For  aluminum;  w  =  2.68,  log  w  =  0.4281 


\.  d 
2.40 

0.40 

0.45 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0.85 

0.90 

2983 

2728 

2499 

2292 

2103 

1929 

1768 

1618 

1478 

1347 

1222 

2.45 

3118 

2862 

2633 

2426 

2237 

2063 

1902 

1753 

1612 

1481 

1357 

2.50 

3249 

2993 

2765 

2558 

2369 

2195 

2034 

1884 

1744 

1612 

1488 

2.55 

3378 

3122 

2894 

2687 

2498 

2324 

2163 

2013 

1873 

1741 

1617 

2.60 

3505 

3249 

3020 

2813 

2624 

2450 

2290 

2140 

2000 

1868 

1744 

2.65 

3629 

3373 

3144 

2937 

2748 

2575 

2414 

2264 

2124 

1992 

1868 

*  For  convenience  in  tabulation,  p'  =  plO^.  The  mantissa  only  of  the  logarithm 
is  tabulated.  In  all  cases  the  characteristic  is  5.  Examples :  for  copper,  for  p  =  1.70 
X  10-«  and  d  =  0.55,  log  Gy,  =  5.5253;  for  aluminum,  for  p  =  2.50  X  lO'^  and 
d  =  0.65,  log  Gu>  =  5.2195. 
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B  = 


TABLE  VIII 

Values  of  log  Hr  from  equation  (17). 
coil  length  .       coil  thickness 


Hr  = 


mean  radius  ' 


/  = 


mean  radius 


c  from  equation  (8)  and  Table  1 


0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

9901 

8688 

8053 

7644 

7353 

7134 

6962 

6823 

6708 

6611 

6528 

6457 

0.2 

8688 

7424 

6755 

6322 

6013 

5779 

5595 

5446 

5322 

5217 

5128 

5051 

0.3 

8044 

6748 

6056 

5606 

5282 

5037 

4842 

4684 

4553 

4442 

4347 

4264 

0.4 

7621 

6302 

5600 

5130 

4795 

4540 

4337 

4172 

4034 

3917 

3816 

3729 

0.5 

7314 

5979 

5258 

4783 

4438 

4174 

3964 

3792 

3649 

3527 

3422 

3330 

0.6 

7078 

5731 

4999 

4514 

4161 

3890 

3673 

3496 

3347 

3220 

3111 

3016 

0.7 

6889 

5532 

4791 

4298 

3938 

3660 

3438 

3256 

3102 

2971 

2858 

2759 

0.8 

6734 

5368 

4619 

4119 

3753 

3470 

3243 

3056 

2898 

2764 

2647 

2545 

0.9 

6604 

5230 

4475 

3969 

3597 

3309 

3077 

2886 

2725 

2586 

2467 

2362 

1.0 

6493 

5113 

4351 

3840 

3463 

3170 

2935 

2739 

2575 

2433 

2310 

2203 

1.2 

6314 

4922 

4150 

3629 

3244 

2943 

2700 

2498 

2328 

2180 

2052 

1940 

1.4 

6174 

4773 

3992 

3464 

3076 

2764 

2515 

2307 

2131 

1979 

1847 

1729 

1.6 

6062 

4653 

3865 

3330 

2932 

2619 

2364 

2152 

1971 

1814 

1678 

1557 

1.8 

5969 

4554 

3760 

3220 

2816 

2498 

2239 

2022 

1837 

1677 

1536 

1412 

2.0 

5892 

4471 

3672 

3126 

2718 

2396 

2132 

1911 

1723 

1559 

1416 

1288 

2.5 

5744 

4312 

3502 

2946 

2528 

2197 

1925 

1697 

1500 

1330 

1179 

1045 

3.0 

5639 

4198 

3380 

2816 

2391 

2053 

1774 

1539 

1337 

1161 

1005 

0866 

3.5 

5560 

4112 

3288 

2718 

2287 

1943 

1659 

1419 

1212 

1031 

0871 

0727 

4.0 

5498 

4045 

3216 

2641 

2205 

1856 

1568 

1324 

1113 

0928 

0764 

0617 

4.5 

5449 

3992 

3158 

2578 

2139 

1786 

1494 

1247 

1032 

0844 

0677 

0527 

5.0 

5409 

3947 

3110 

2527 

2084 

1728 

1433 

1182 

0965 

0774 

0604 

0451 

6.0 

5347 

3879 

3036 

2447 

1999 

1638 

1338 

1082 

0860 

0664 

0490 

0333 

7.0 

5306 

3829 

2981 

2388 

1935 

1571 

1267 

1007 

0781 

0582 

0404 

0244 

8.0 

5266 

3790 

2939 

2343 

1887 

1519 

1212 

0949 

0720 

0518 

0337 

0174 

*  The  mantissa  only  of  the  logarithm  is  tabulated.     In  all  cases  the  characteristic  is  0. 
Example:  for  B  =  3.5  and/  =  0.7,  log  Hr  =  0.1659. 


148 


University  of  California  Publications.      [Engineering 


TABLE  IX 


Values  of  log  Hn  from  equation  (18).         Hn  = 


i?2/\i 


B  = 


coil  length 
mean  radius  ' 


/  = 


coil  thickness 
mean  radius 


c  from  equation  (8)  and  Table  I 


0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

4950 

5849 

6412 

6832 

7171 

7458 

7706 

7927 

8125 

8305 

8471 

8624 

0.2 

5849 

6722 

7268 

7676 

8007 

8286 

8528 

8743 

8937 

9114 

9276 

9426 

0.3 
0.4 

6408 
6821 

7264 
7667 

7799 
8193 

8199 
8586 

8522 
8903 

8795 
9171 

9032 
9404 

9243 
9612 

9433 

9798 

9607 
9969 

9766 

9914 

0125 

0271 

0.5 

7152 

7990 

8510 

8896 

9219 

9473 

9702 

9906 

0090 

0258 

0413 

0556 

0.6 

7430 

8261 

8776 

9158 

9466 

9726 

9953 

0154 

0336 

0501 

0653 

0795 

0.7 

7670 

8496 

9006 

9385 

9689 

9946 

0170 

0369 

0548 

0711 

0862 

1001 

0.8 
0.9 

7883 
8073 

8705 

8892 

9211 
9394 

9585 
9766 

9887 

0141 
0316 

0362 
0535 

0559 
0730 

0733 
0905 

0897 
1064 

1046 
1212 

1184 
1348 

0065 

1.0 
1.2 
1.4 

8247 
8553 

8817 

9062 
9362 
9622 

9561 
9856 

9930 

0226 
0513 
0761 

0476 
0758 
1004 

0693 
0972 
1214 

0885 
1161 
1400 

1058 
1331 
1567 

1217 
1486 
1720 

1362 
1629 
1861 

1497 
1762 
1991 

0221 
0473 

0112 

1.6 

1.8 

9052 
9261 

9852 

0339 
0542 

0696 
0896 

0981 
>1179 

1221 
1416 

1428 
1621 

1612 
1803 

1777 
1966 

1928 
2115 

2066 
2251 

2195 
2378 

0059 

2.0 

9451 

0246 

0727 

1078 

1359 

1594 

1797 

1976 

2138 

2285 

2445 

2545 

2.5 
3.0 

9862 

0651 
0990 

1126 
1461 

1473 
1804 

1749 
2076 

1929 
2303 

2178 
2398 

2353 
2671 

2511 

2825 

2654 
2966 

2786 
3095 

2908 
3214 

0205 

3.5 

0500 

1282 

1750 

2090 

2359 

2583 

2776 

2945 

3098 

3236 

3363 

3480 

4.0 

0760 

1538 

2004 

2341 

2608 

2829 

3020 

3188 

3338 

3474 

3599 

3715 

4.5 

0991 

1767 

2230 

2586 

2830 

3050 

3239 

3405 

3553 

3688 

3811 

3925 

5.0 

1199 

1974 

2435 

2769 

3032 

3250 

3437 

3602 

3748 

3882 

4004 

4116 

6.0 

1564 

2335 

2794 

3125 

3385 

3600 

3785 

3947 

4092 

4223 

4343 

4453 

7.0 

1878 

2645 

3102 

3430 

3688 

3902 

4084 

4244 

4387 

4516 

4634 

4743 

8.0 

2148 

2916 

3370 

3697 

3954 

4166 

4347 

4505 

4647 

4774 

4891 

4998 

The  mantissa  only  of  the  logarithm  is  tabulated.  For  the  upper  portion  of  the  table, 
above  the  irreg\ilar  dividing  line,  the  characteristic  is  9.  —  10.  For  the  lower  portion 
it  is  0.    Example:  for  B  =  0.8  and/  =  0.4,  log  Hn  =  9.9585  -  10. 
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TABLE  X 

Values  of  log  Hd  and  log  Ha  from  equations  (19)  and  (20).         Ha  =  Ha  = 


B  = 


coil  length 


mean  radius 


/  = 


coil  thickness 
mean  radius 


c  from  equation  (8)  and  Table  I 


0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

4851 

4538 

4465 

4476 

4525 

4592 

4668 

4750 

4833 

4916 

4999 

5081 

0.2 

4538 

4146 

4024 

3999 

4020 

4065 

4123 

4189 

4259 

4331 

4404 

4477 

0.3 

4452 

4012 

3856 

3805 

3804 

3831 

3875 

3928 

3987 

4049 

4113 

4178 

0.4 

4442 

3969 

3788 

3716 

3698 

3710 

3741 

3783 

3832 

3886 

3942 

4000 

0.5 

4466 

3969 

3768 

3679 

3647 

3647 

3666 

3698 

3739 

3785 

3834 

3886 

0.6 

4507 

3992 

3774 

3672 

3627 

3616 

3626 

3650 

3682 

3722 

3764 

3810 

0.7 

4559 

4028 

3797 

3682 

3627 

3607 

3608 

3624 

3650 

3683 

3720 

3761 

0.8 

4617 

4073 

3830 

3705 

3640 

3611 

3605 

3614 

3634 

3661 

3693 

3729 

0.9 

4677 

4122 

3869 

3735 

3662 

3626 

3613 

3616 

3629 

3651 

3678 

3710 

1.0 

4740 

4174 

3912 

3770 

3690 

3646 

3627 

3625 

3633 

3650 

3673 

3700 

1.2 

4841 

4284 

4006 

3850 

3757 

3702 

3672 

3659 

3658 

3667 

3681 

3701 

1.4 

4991 

4395 

4105 

3937 

3833 

3768 

3729 

3707 

3699 

3699 

3707 

3721 

1.6 

5114 

4505 

4204 

4026 

3913 

3840 

3792 

3763 

3748 

3742 

3744 

3752 

1.8 

5230 

4613 

4303 

4116 

3995 

3914 

3860 

3824 

3803 

3791 

3788 

3790 

2.0 

5343 

4717 

4399 

4205 

4077 

3989 

3929 

3888 

3861 

3844 

3835 

3833 

2.5 

5606 

4963 

4629 

4420 

4277 

4176 

4103 

4050 

4011 

3984 

3965 

3954 

3.0 

5844 

5188 

4842 

4621 

4467 

4356 

4273 

4210 

4163 

4127 

4100 

4080 

3.5 

6060 

5394 

5038 

4808 

4646 

4526 

4435 

4364 

4310 

4267 

4233 

4207 

4.0 

6258 

5584 

5220 

4982 

4812 

4686 

4588 

4512 

4451 

4402 

4363 

4332 

4.5 

6440 

5758 

5388 

5144 

4969 

4836 

4733 

4651 

4585 

4532 

4488 

4452 

5.0 

6608 

5921 

5545 

5296 

5115 

4978 

4870 

4784 

4714 

4656 

4608 

4568 

6.0 

6911 

6214 

5830 

5572 

5383 

5238 

5123 

5029 

4952 

4887 

4832 

4786 

7.0 

7184 

6474 

6082 

5818 

5624 

5472 

5351 

5252 

5169 

5098 

5039 

4988 

8.0 

7414 

6706 

6309 

6040 

5840 

5684 

5558 

5454 

5367 

5292 

5228 

5173 

The  mantissa  only  of  the  logarithm  is  tabulated.  In  all  cases  the  characteristic  is  0. 
Example:  for  B  =  5.0  and  /  =  0.7,  log  Hd  =  log  Ha  =  0.4870.  Note  that  the  minimum 
tabulated  value  is  0.3605,  for  B  =  0.8  and  /  =  0.7. 
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TABLE  XI 
Values  of  log  Hw  from  equation  (21). 


52  \  1 


B  =. 


coil  length 
mean  radius  ' 


/  = 


coil  thickness 
mean  radius 


c  from  equation  (8)  and  Table  I 


0.1 
0.2 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

9702 
9076 

9076 
8291 

8930 
8047 

8953 
7997 

9049 
8039 

9184 
8129 

9337 
8246 

9499 

8378 

9666 
8518 

9833 
8663 

9998 

8808 

0162 

8954 

0,3 

8904 

8024 

7712 

7609 

7608 

7663 

7749 

7855 

7973 

8098 

8226 

8356 

0.4 

8883 

7938 

7575 

7432 

7396 

7421 

7482 

7566 

7664 

7771 

7884 

8000 

0.5 

8931 

7938 

7535 

7358 

7294 

7294 

7333 

7397 

7478 

7570 

7668 

7772 

0.6 

9015 

7984 

7549 

7343 

7254 

7233 

7253 

7300 

7365 

7443 

7529 

7621 

0.7 

9118 

8056 

7594 

7365 

7254 

7214 

7217 

7249 

7300 

7365 

7440 

7521 

0.8 

9234 

8145 

7660 

7409 

7280 

7223 

7211 

7229 

7268 

7321 

7386 

7457 

0.9 

9355 

8244 

7738 

7469 

7324 

7251 

7225 

7231 

7258 

7302 

7356 

7419 

1.0 

9480 

8349 

7825 

7540 

7379 

7293 

7255 

7249 

7266 

7300 

7345 

7400 

1.2 

9682 

8568 

8013 

7700 

7514 

7404 

7344 

7318 

7317 

7333 

7363 

7403 

1.4 
1.6 

9982 

8790 
9010 

8210 
8409 

7873 
8052 

7666 

7826 

7536 
7679 

7458 
7585 

7415 

7527 

7397 
7496 

7399 

7484 

7415 

7488 

7441 
7503 

0228 

1.8 

0460 

9225 

8605 

8232 

7990 

7828 

7720 

7649 

7605 

7583 

7575 

7580 

2.0 

0686 

9434 

8798 

8409 

8154 

7978 

7858 

7776 

7721 

7688 

7671 

7667 

2.5 
3.0 
3.5 

1212 
1688 
2121 

9926 

9258 
9683 

8839, 

9241 

9615 

8554 
8934 
9291 

8352 
8712 
9051 

8206 
8546 
8869 

8100 
8420 
8729 

8023 
8325 
8619 

7968 
8253 
8533 

7931 
8200 
8466 

7907 
8161 
8414 

0376 

0788 

0076 

4.0 
4.5 
5.0 
6.0 
7.0 
8.0 

2516 
2880 
3216 
3821 
4368 
4828 

1167 
1517 
1842 
2429 
2947 
3411 

0439 
0776 
1090 
1660 
2165 
2618 

9963 

9625 
9937 

9371 
9673 
9956 

9176 
9466 
9741 

9023 
9303 
9568 

8901 
9170 
9427 
9903 

8804 
9063 
9311 
9774 

8726 
8976 
9215 
9665 

8663 
8904 
9135 
9572 
9975 

0288 
0591 
1144 
1636 
2080 

0231 
0762 
1247 
1681 

0477 
0945 
1369 

0246 
0702 
1117 

0059 
0503 
0909 

0337 
0734 

0197 

0585 

0077 
0457 

0346 

The  mantissa  only  of  the  logarithm  is  tabulated.  For  the  main  portion  of  the  table 
the  characteristic  is  0.  For  the  lower  portion  of  the  table  and  for  B  =  0.1  and  /  =  1.2, 
the  characteristic  is  1.  Examples:  for  B  =  1.8  and  /  =  0.6,  log  H^  =  0.7828.  For 
B  =  7.0  and  /  =  0.5,  log  Hw  =  1.1247.  Note  that  the  minimum  tabulated  value  is 
0.7211,  for  B  =  0.8  and/  =  0.7. 
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TABLE  XII 


Values  of  Bare  Diameter,  Area  in  Circular  Mils,  Area  in  Square 

Centimeters,  and  Space  Factor  for  Sizes  of  Wire  Represented 

BY  the  B.  &  S.  Gage,  and  for  Different  Insulations 

Diam.  =  diameter  in  mils.         A'  —  area  in  circular  mils, 

A  =  area  in  square  centimeters,         d  =  space  factor. 


Values  of  d 

Ti  /^  S 

Oi  iirn 

A' 

A 

O.  iX'  o. 

L/ldlU. 

^ 

J±^ 

Enam. 

s.  s.  c. 

s.  c.  C. 

D.S.C. 

D.  c.  C. 

10 

101.9 

10380 

0.05261 

11 

90.74 

8234 

.04172 

12 

80.81 

6530 

.03309 

13 

71.96 

5178 

.02624 

14 

64.08 

4107 

.02081 

0.73 

0.67 

0.60 

15 

57.07 

3257 

.01650 

.71 

.65 

.57 

16 

50.82- 

2583 

.01309 

.71 

.64 

.57 

17 

45.26 

2048 

.01038 

.71 

.64 

.57 

18 

40.30 

1624 

.008231 

.72 

.63 

.56 

19 

35.89 

1288 

.006527 

.70 

.63 

.52 

20 

31.96 

1022 

.005176 

70 

.62 

.50 

21 

28.46 

810.1 

.004105 

.68 

.60 

.48 

22 

25.35 

642.4 

.003255 

.67 

.58 

.45 

23 

22.57 

509.5 

.002582 

.64 

0.59 

.57 

0.48 

.43 

24 

20.10 

404.0 

.002047 

.65 

.60 

.55 

.47 

.40 

25 

17.90 

320.4 

.001624 

.63 

.57 

.52 

.44 

.37 

26 

15.94 

254.1 

.001288 

.65 

.55 

.50 

.41 

.35 

27 

14.20 

201.5 

.001021 

.66 

.55 

.49 

.40 

.33 

28 

12.64 

159.8 

.0008098 

.64 

.52 

.44 

.36 

.30 

29 

11.26 

126.7 

.0006422 

.66 

.51 

.42 

.34 

.27 

30 

10.03 

100.5 

.0005093 

.61 

.50 

.40 

.35 

.24 

A  = 


Diam.  and  A'  taken  from  the  Standard  Handbook  for  Electrical  Engineers. 

A' 
197350  * 
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TABLE  XIII 
Values  of  log  K/  to  be  used  in  equation  (27). 

For  p  =  1.7223  X  IQ-^  and  d  =  0.60.     Results  in  inches 


r'  =  Z/  I  I  I     ID. 


>< 

0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

9151 

7939 

7304 

6894 

6604 

6384 

6212 

6073 

5958 

5861 

5779 

5707 

0.2 

7939 

6674 

6006 

5573 

5264 

5030 

4846 

4696 

4572 

4468 

4379 

4301 

0.3 

7295 

5998 

5307 

4856 

4533 

4287 

4093 

3935 

3804 

3693 

3597 

3515 

0.4 

6872 

5553 

4850 

4381 

4046 

3790 

3587 

3422 

3284 

3167 

3067 

2980 

0.5 

6564 

5230 

4509 

4033 

3688 

3425 

3214 

3043 

2899 

2777 

2672 

2580 

0.6 

6328 

4981 

4249 

3764 

3412 

3140 

2924 

2746 

2598 

2471 

2362 

2266 

0.7 

6140 

4782 

4041 

3548 

3188 

2911 

2689 

2506 

2353 

2222 

2109 

2010 

0.8 

5985 

4619 

3870 

3370 

3004 

2721 

2493 

2306 

2149 

2014 

1897 

1795 

0.9 

5855 

4481 

3725 

3219 

2848 

2560 

2328 

2136 

1975 

1837 

1717 

1612 

1.0 

5744 

4363 

3602 

3090 

2714 

2421 

2185 

1990 

1825 

1684 

1561 

1453 

1.2 

5564 

4172 

3400 

2880 

2494 

2194 

1951 

1749 

1578 

1431 

1303 

1190 

1.4 

5424 

4023 

3243 

2714 

2327 

2015 

1766 

1558 

1382 

1230 

1097 

0980 

1.6 

5313 

3903 

3116 

2581 

2182 

1869 

1615 

1402 

1221 

1065 

0928 

0807 

1.8 

5220 

3805 

3011 

2470 

2066 

1748 

1489 

1272 

1087 

0927 

0787 

0662 

2.0 

5142 

3722 

2923 

2377 

1968 

1646 

1383 

1162 

0973 

0810 

0666 

0539 

2.5 

4995 

3563 

2753 

2197' 

1779 

1448 

1176 

0947 

0751 

0580 

0430 

0296 

3.0 
3.5 

4890 
4811 

3449 
3363 

2631 

2538 

2067 
1968 

1642 
1537 

1304 
1194 

1025 
0910 

0790 
0670 

0588 
0462 

0411 
0281 

0255 
0121 

0116 

9978 

4.0 
4.5 

4749 
4700 

3296 
3242 

2466 
2408 

1891 
1829 

1455 
1389 

1107 
1037 

0819 
0745 

0574 
0497 

0363 

0282 

0178 
0094 

0014 

9867 
9777 

9927 

5.0 
6.0 

4659 
4597 

3198 
3130 

2360 

2286 

1778 
1698 

1334 
1249 

0979 

0888 

0684 
0588 

0433 
0332 

0216 
OHO 

0024 

9854 
9740 

9702 
9584 

9915 

7.0 
8.0 

4556 
4516 

3079 
3041 

2232 

2189 

1639 
1593 

1186 
1137 

0821 
0769 

0517 
0462 

0258 
0200 

0032 

9832 
9768 

9655 

9588 

9495 
9425 

9971 

The  mantissa  only  of  the  logarithm  is  tabulated.  For  the  main  portion  of  the  table, 
the  characteristic  is  1.  For  the  small  enclosed  portion,  the  characteristic  is  0.  Example: 
for  B  =  1.8  and/  =  0.4,  log  X/  =  1.2470. 
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TABLE  XIV 


Values  of  log  Kn  to  be  used  in  equation  (27).        N  =  KJiRL)"^ 
For  p  =  1.7223  X  10-«  and  d  =  0.60.         A^  =  total  number  of  turns 


>< 

0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

5319 

6218 

6781 

7201 

7540 

7826 

8075 

8296 

8494 

8674 

8840 

8993 

0.2 
0.3 

6218 
6776 

7091 
7633 

7637 
8168 

8045 
8568 

8375 
8890 

8654 
9163 

8897 
9401 

9112 
9612 

9306 
9802 

9483 
9975 

9645 

9795 

0135 

0282 

0.4 

7190 

8035 

8562 

8954 

9272 

9540 

9773 

9980 

0167 

0338 

0494 

0640 

0.5 

7520 

8358 

8878 

9265 

9587 

9841 

0071 

0275 

0459 

0627 

0781 

0924 

0.6 

7798 

8630 

9144 

9527 

9835 

!  0095 

'  0322 

0523 

0704 

0870 

1022 

1163 

0.7 

8039 

8865 

9375 

9753 

0058 

0315 

0539 

0738 

0916 

1080 

1230 

1370 

0.8 

8251 

9073 

9579 

9954 

0256 

0510 

0731 

0927 

1102 

1266 

1414 

1552 

0.9 

8442 

9260 

9763 

0134 

0433 

0685 

0904 

1098 

1273 

1433 

1580 

1717 

1.0 
1.2 

8615 
8921 

9430 
9731 

9930 

0299 
0590 

0595 

0882 

0845 
1127 

1062 
1340 

1254 
1529 

1427 
1700 

1585 
1855 

1731 

1998 

1866 
2130 

0225 

1.4 
1.6 

9186 
9420 

9991 

0481 
0708 

0842 
1065 

1130 
1350 

1372 
1590 

1582 
1797 

1768 
1980 

1936 
2146 

2089 
2296 

2230 
2435 

2360 
2564 

0221 

1.8 

9630 

0427 

0911 

1265 

1548 

1785 

1990 

2171 

2335 

2483 

2620 

2747 

2.0 
2.5 

9820 

0615 
'  1020 

1096 
1495 

1447 

1842 

1728 
2118 

1962 
2298 

2166 
2546 

2345 

2722 

2506 

2880 

2654 
3023 

2814 
3155 

2914 
3277 

0230 

3.0 

0574 

1358 

1830 

2173 

2445 

2672 

2767 

3040 

3194 

3335 

3464 

3583 

3.5 

0869 

1650 

2119 

2458 

2727 

2951 

3144 

3314 

3466 

3604 

3731 

3849 

4.0 

1128 

1907 

2372 

2710 

2976 

3198 

3389 

3556 

3707 

3843 

3968 

4083 

4.5 

1359 

2136 

2599 

2934 

3199 

3419 

3608 

3774 

3922 

4057 

4180 

4294 

5.0 

1568 

2342 

2804 

3137 

3400 

3618 

3806 

3970 

4117 

4250 

4372 

4485 

6.0 

1933 

2704 

3163 

3493 

3754 

3969 

4154 

4316 

4461 

4592 

4711 

4822 

7.0 

2247 

3014 

3470 

3799 

4057 

4270 

4453 

4613 

4756 

4885 

5003 

5112 

8.0 

2517 

3284 

3739 

4066 

4322 

4534 

4716 

4874 

5015 

5143 

5260 

5367 

The  mantissa  only  of  the  logarithm  is  tabulated.  For  the  upper  portion  of  the  table 
the  characteristic  is  2.  For  the  lower  portion,  the  characteristic  is  3.  Examples:  for 
B  =  1.0  and/  =  0.3,  log  KJ  =  2.9930;  for  B  =  5.0  and/  =  0.9,  log  Kn'  =  3.4117. 
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TABLE  XV 

Values  of  log  K/  to  be  used  in  equation  (27). 

For  p  =  1.7223  X  10"^  and  d  =  0.60.     Results  in  feet 


D'  =  K,'  l-^rft. 


0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1660 

1347 

1274 

1286 

1334 

1401 

1478 

1559 

1642 

1726 

1808 

1890 

0.2 

1347 

0955 

0833 

0808 

0829 

0874 

0932 

0998 

1068 

1141 

1214 

1286 

0.3 

1261 

0821 

0665 

0614 

0613 

0641 

0684 

0737 

0796 

0858 

0922 

0987 

0.4 

1251 

0778 

0597 

0525 

0507 

0520 

0550 

0592 

0641 

0695 

0751 

0809 

0.5 

1275 

0778 

0577 

0488 

0456 

0456 

0476 

0508 

0548 

0594 

0643 

0695 

0.6 

1317 

0801 

0584 

0481 

0436 

0426 

0436 

0459 

0492 

0531 

0574 

0620 

0.7 

1368 

0838 

0606 

0492 

0436 

0416 

0418 

0434 

0460 

0492 

0529 

0570 

0.8 

1426 

0882 

0639 

0514 

0449 

0421 

0415 

0424 

0443 

0470 

0502 

0538 

0.9 

1487 

0931 

0678 

0544 

0471 

0435 

0422 

0425 

0438 

0460 

0488 

0519 

1.0 

1549 

0984 

0722 

0579 

0499 

0456 

0437 

0434 

0442 

0459 

0482 

0509 

1.2 

1650 

1093 

0816 

0659 

0566 

0511 

0481 

0468 

0468 

0476 

0491 

0511 

1.4 

1800 

1204 

0914 

0746 

0642 

0577 

0538 

0517 

0508 

0509 

0517 

0530 

1.6 

1923 

1314 

1014 

0835 

0722 

0649 

0602 

0573 

0557 

0552 

0553 

0561 

1.8 

2039 

1422 

1112 

0925^ 

0804 

0723 

0669 

0634 

0612 

0601 

0597 

0599 

2.0 

2152 

1526 

1208 

1014^ 

0886 

0798 

0738 

0697 

0670 

0653 

0645 

0643 

2.5 

2415 

1772 

1438 

1229 

1086 

0986 

0912 

0859 

0821 

0793 

0775 

0763 

3.0 

2653 

1997 

1651 

1430 

1276 

1165 

1082 

1020 

0972 

0936 

0909 

0890 

3.5 

2870 

2203 

1847 

1617 

1455 

1335 

1244 

1174 

1119 

1076 

1042 

1016 

4.0 

3067 

2393 

2029 

1791 

1622 

1495 

1398 

1321 

1260 

1211 

1172 

1141 

4.5 

3249 

2568 

2197 

1953 

1778 

1646 

1542 

1461 

1394 

1341 

1297 

1261 

5.0 

3417 

2730 

2354 

2105 

1925 

1787 

1680 

1593 

1523 

1465 

1417 

1377 

6.0 

3720 

3024 

2639 

2381 

2192 

2048 

1932 

1839 

1761 

1696 

1642 

1595 

7.0 

3994 

3283 

2892 

2628 

2433 

2282 

2160 

2061 

1978 

1908 

1848 

1797 

8.0 

4223 

3515 

3118 

2849 

2650 

2494 

2368 

2264 

2176 

2102 

2038 

1982 

The  mantissa  only  of  the  logarithm  is  tabulated.     In  all  cases  the  characteristic  is  4. 
Example:  for  £;  =  1.8  and/  =  0.9,  log  Ka'  =  4.0612. 
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TABLE   XVI 


Values  of  log  Ka  to  be  used  in  equation  (27).        A'  =  KJ  (  ^  I    cir.  mil. 
For  p  =  1.7223  X  IQ-^  and  d  =  0.60.     Results  in  circular  mils 


0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

1814 

1501 

1428 

1439 

1488 

1555 

1631 

1712 

1796 

1879 

1962 

2044 

0.2 

1501 

1108 

0986 

0962 

0982 

1028 

1086 

1152 

1222 

1294 

1367 

1440 

0.3 

1415 

0975 

0819 

0768 

0767 

0794 

0838 

0891 

0950 

1012 

1076 

1141 

0.4 

1404 

0932 

0750 

0679 

0661 

0673 

0704 

0746 

0795 

0848 

0905 

0963 

0.5 

1428 

0932 

0731 

0642 

0610 

0610 

0629 

0661 

0702 

0748 

0797 

0849 

0.6 

1470 

0955 

0737 

0634 

0590 

0579 

0589 

0613 

0645 

0684 

0727 

0773 

0.7 

1522 

0991 

0760 

0645 

0590 

0570 

0571 

0587 

0613 

0646 

0683 

0724 

0.8 

1580 

1036 

0793 

0668 

0603 

0574 

0568 

0577 

0597 

0624 

0656 

0692 

0.9 

1640 

1085 

0832 

0698 

.0625 

0588 

0576 

0578 

0592 

0614 

0641 

0672 

1.0 

1703 

1137 

0875 

0733 

0652 

0609 

0590 

0588 

0596 

0613 

0636 

0663 

1.2 

1804 

1247 

0969 

0813 

0720 

0665 

0635 

0622 

0621 

0630 

0644 

0664 

1.4 

1954 

1358 

1068 

0900 

0796 

0731 

0692 

0670 

0662 

0662 

0670 

0684 

1.6 

2077 

1468 

1167 

0989 

0876 

0802 

0755 

0726 

0711 

0705 

0707 

0714 

1.8 

2193 

1576 

1266 

1079 

0958 

0877 

0823 

0787 

0766 

0754 

0750 

0753 

2.0 

2306 

1680 

1362 

1168 

1040 

0952 

0892 

0851 

0824 

0807 

0798 

0796 

2.5 

2569 

1926 

1592 

1382 

1240 

1139 

1066 

1013 

0974 

0947 

0928 

0916 

3.0 

2807 

2151 

1804 

1584 

1430 

1319 

1236 

1173 

1126 

1090 

1063 

1043 

3.5 

3023 

2357 

2001 

1770 

1608 

1489 

1398 

1327 

1272 

1230 

1196 

1170 

4.0 

3221 

2546 

2182 

1945 

1775 

1649 

1551 

1474 

1414 

1365 

1326 

1294 

4.5 

3403 

2721 

2351 

2107 

1932 

1799 

1696 

1614 

1548 

1495 

1451 

1415 

5.0 

3571 

2884 

2508 

2259 

2078 

1941 

1833 

1747 

1676 

1618 

1570 

1530 

6.0 

3874 

3177 

2793 

2535 

2346 

2201 

2086 

1992 

1915 

1850 

1795 

1749 

7.0 

4147 

3437 

3045 

2781 

2586 

2435 

2314 

2214 

2132 

2061 

2002 

1950 

8.0 

4377 

3669 

3272 

3003 

2803 

2647 

2521 

2417 

2330 

2255 

2191 

2136 

The  mantissa  only  of  the  logarithm  is  tabulated.     In  all  cases  the  characteristic  is  5. 
Example:  for  B  =  2.5  and/  =  0.9,  log  Ka'  =  5.0974. 
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TABLE  XVII 


Values  of  log  KJ  to  be  used  in  equation  (27).         W  =  KJ 


T  \^ 

Ij    \2 


lbs. 


For  p  =  1.7223  X  lO'^,  d  =  0.60,  and  iv  =  8.89.     Results  in  pounds 


X 

0.1 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

1.1 

1.2 

8284 

7658 

7513 

7535 

7632 

7766 

7919 

8082 

8248 

8415 

8580 

8744 

0.2 

7658 

6873 

6629 

6580 

6622 

6712 

6829 

6960 

7100 

7245 

7391 

7536 

0.3 

7486 

6606 

6294 

6192 

6190 

6245 

6332 

6438 

6556 

6680 

6808 

6938 

0.4 

7466 

6521 

6158 

6014 

5978 

6003 

6064 

6148 

6246 

6354 

6466 

6582 

0.5 

7513 

6520 

6118 

5940 

5876 

5876 

5915 

5979 

6060 

6152 

6250 

6354 

0.6 

7597 

6566 

6131 

5926 

5836 

5815 

5835 

5882 

5947 

6025 

6111 

6203 

0.7 

7701 

6639 

6176 

5947 

5837 

5796 

5799 

5831 

5883 

5948 

6022 

6104 

0.8 

7816 

6728 

6242 

5992 

5862 

5805 

5793 

5811 

5850 

5904 

5968 

6039 

0.9 

7937 

6826 

6320 

6051 

5906 

5834 

5808 

5813 

5841 

5884 

5939 

6001 

1.0 

8062 

6931 

6407 

6122 

5962 

5875 

5837 

5832 

5848 

5882 

5928 

5982 

1.2 

8265 

7150 

6595 

6282 

6096 

5986 

5926 

5900 

5899 

5916 

5945 

5985 

1.4 

8564 

7372 

6792 

6456 

6248 

6118 

6040 

5997 

5980 

5981 

5997 

6024 

1.6 

8810 

7592 

6991 

6634 

6408 

6261 

6167 

6109 

6078 

6067 

6070 

6085 

1.8 

9042 

7808 

7188 

6814 

6572 

6410 

6302 

6231 

6188 

6165 

6158 

6162 

2.0 

9268 

8016 

7380 

6992 

6736 

6561 

6440 

6358 

6303 

6270 

6253 

6249 

2.5 
3.0 

9794 

8508 
8958 

7840 
8266 

7421 

7824 

7137 
7517 

6935 
7294 

6789 

7128 

6682 
7003 

6605 
6908 

6550 
6836 

6513 

6782 

6489 
6743 

0270 

3.5 

0703 

9370 

8658 

8198 

7873 

7634 

7452 

7311 

7202 

7116 

7049 

6997 

4.0 
4.5 

1098 
1462 

9749 

9022 
9358 

8546 
8870 

8207 
8520 

7954 

8255 

7759 
8049 

7606 

7885 

7484 
7753 

7386 
7646 

7308 

7558 

7245 

7486 

0099 

5.0 
6.0 
7.0 

8.0 

1798 
2404 
2951 
3410 

0424 
1011 
1530 
1994 

9672 

9174 

9726 

8813 
9344 
9829 

8538 
9059 
9527 
9951 

8323 
8829 
9284 
9699 

8150 
8641 
9086 
9491 

8009 
8486 
8920 
9316 

7893 
8356 
8779 
9167 

7798 
8247 
8660 
9039 

7718 
8154 
8557 
8928 

0242 
0747 
1201 

0219 
0662 

0263 

The  mantissa  only  of  the  logarithm  is  tabulated.  For  the  main  portion  of  the  table, 
the  characteristic  is  3.  For  the  lower  enclosed  portion  the  characteristic  is  4.  Examples: 
for  5  =  1.0  and  /  =  0.7,  log  KJ  =  3.5837;  for  B  =  6.0  and  /  =  0.2,  log  Ku,'  =  4.1011. 
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TABLE  XVIII 

Values  of  the  Various  Coil  Constants  as  Entered  in  the  Preceding 

Tables  for  the  Special  Case  of  a  Coil  which  Possesses  the 

Shape  Ratios  for  Maximum  Economy  of  Material,  Viz., 

coil  length  ,     ,      radial  thickness 

B  = ^  =  0.75,     and    /  = =  0.67 

mean  radius  mean  radius 

The  values  were  determined  by  direct  computation,  but  chey  may  be 
verified  by  interpolation  from  the  respective  tables. 


logc 

9.4941  - 

10 

c 

0.3120 

^OgHr 

0.3399 

Hr 

=  2.187 

logHn 

0.0205 

Hn 

=  1.048 

log^d 

0.3604 

Ih 

=  2.293 

\0g  Ha 

0.3604 

Ha 

=  2.293 

lOgHy, 

0.7208 

H  w 

=  5.258 

For  the  special  case  of  coils  wound  with  wire  having  a  specific  resistance, 
p  =  1.7223  X  10~^,  a  space  factor,  d  =  0.60,  and  a  specific  weight,  w  =  8.89; 
values  which  apply  to  copper  wire  of  ordinary  sizes. 

logX/  1.2650  Kr'  =  18.41 

log  Kn'  3.0575  Kn'  =      1142. 

logK/  4.0414  Kd'  =    11000. 

log  KJ  5.0567  Ka'  =  114000. 

log  K.J  3.5791  Ku.'  =      3794. 
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TABLE  XIX 

Single  Layer  Coils 

Values  of  log  G  from  equations  (40-44) 

For  p  =  1.7223  X  10"'  ohms  per  cm.^  =  value  for  copper  at  20°  C,  and 

w  =  8.89  grams  per  cubic  centimeter. 

A       conductor  area 


h^       (winding  pitch)  ^ 


Equation  (31) 


9 

log  Gr 

log  Gn 

log  Ga 

log  Ga 

log  G^ 

0.20 

2.7355 

2.3341 

5.8677 

0.1039 

6.9205 

.25 

2.6967 

2.3535 

5.8484 

0.0845 

6.8817 

.30 

2.6651 

2.3693 

5.8325 

0.0686 

6.8501 

.35 

2.6383 

2.3827 

5.8191 

0.0552 

6.8233 

.40 

2.6151 

2.3943 

5.8075 

0.0436 

6.8001 

.45 

2.5946 

2.4045 

5.7973  • 

0.0334 

6.7796 

.50 

2.5763 

2.4137 

5.7882 

C.0243 

6.7613 

.55 

2.5598 

-2.4219 

5.7799 

0.0160 

6.7448 

.60 

2.5446 

2.4295 

5.7723 

0.0084 

6.7297 

.65 

2.5307 

2.4365 

5.7654 

0.0015 

6.7157 

.70 

2.5179 

2.4429 

5.7589 

9.9950  - 

10 

6.7029 

.75 

2.5059 

2.4489 

5.7529 

9.9890  - 

10 

6.6909 

.83 

2.4947 

2.4545 

5.7473 

9.9834  - 

10 

6.6797 

.85 

2.4841 

2.4598 

5.7421 

9.9782  - 

10 

6.6691 

.90 

2.4742 

2.4647 

5.7371 

9.9732  - 

10 

6.6592 

.95 

2.4648 

2.4694 

5.7324 

9.9685  - 

10 

6.6498 

1.00 

2.4559 

2.4739 

5.7280 

9.9641  - 

10 

6.6409 
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TABLE   XX 

Single  Layer  Coils 

Values  of  c  from  Nagaoka's  Table.     Values  of  H  by  equations  (40-44) 

coil  length  1        coil  radius 


B  = 


radius 


B       coil  length 


1 

B 

logc 

c 

lOgHr 

log  Hn 

log  Hi 

=  log  Ha 

log/r^ 

0.02 

9.9926  - 

10 

0.98322 

9.6646  - 

10 

1.0208 

0.6855 

1.3709 

0.04 

9.9854  - 

10 

0.96685 

9.7292  - 

10 

0.8417 

0.5709 

1.1418 

0.06 

9.9781  - 

10 

0.95087 

9.7686  - 

10 

0.7375 

0.5062 

1.0125 

O.OS 

9.9709  - 

10 

0.93528 

9.7980  - 

10 

0.6640 

0.4620 

0.9240 

0.10 

9.9638  - 

10 

0.92009 

9.8217  - 

10 

0.6072 

0.4289 

0.8579 

0.12 

9.9568  - 

10 

0.90529 

9.8418  - 

10 

0.5611 

0.4029 

0.805S 

0.16 

9.9429  - 

10 

0.87683 

9.8751  - 

10 

0.4890 

0.3640 

0.7280 

0.20 

9.9294  - 

10 

0.84985 

9.9026  - 

10 

0.4335 

0.3361 

0.6722 

0.3 

9.8968  - 

10 

0.78852 

9.9573  - 

10 

0.3344 

0.2917 

0.5834 

0.4 

9.8663  - 

10 

0.73508 

0.0006 

0.2655 

0.2661 

0.5322 

0.5 

9.8378  - 

10 

0.68842 

0.0371 

0.2130 

0.2501 

0.5003 

0.6 

9.8113  - 

10 

0.64753 

0.0689 

0.1709 

0.2397 

0.4795 

0.7 

9.7864  - 

10 

0.61149 

0.0972 

0.1357 

0.2328 

0.4657 

0.8 

9.7631  - 

10 

0.57954 

0.1228 

0.1055 

0.2283 

0.4566 

0.9 

9.7412  - 

10 

0.55106 

0.1461 

0.0792 

0.2253 

0.4507 

l.O 

9.7206  - 

10 

0.52551 

0.1676 

0.0559 

0.2235 

0.4471 

1.5 

9.6327  - 

10 

0.42920 

0.2556 

9.9678  - 

10 

0.2234 

0.4469 

2.0 

9.5628  - 

10 

0.36543 

0.3225 

9.9068  - 

10 

0.2293 

0.4587 

2.5 

9.5049  - 

10 

0.31982 

0.3766 

9.8602  - 

10 

0.2369 

0.4738 

3.0 

9.4555  - 

10 

0.28541 

0.4221 

9.8226  - 

10 

0.2448 

0.4896 

3.5 

9.4123  - 

10 

0.25841 

0.4614 

9.7911  - 

10 

0.2525 

0.5051 

4.0 

9.3740  - 

10 

0.23658 

0.4960 

9.7640  - 

10 

C.2600 

0.5200 

4.5 

9.3395  - 

10 

0.21853 

0.5269 

9.7402  - 

10 

0.2671 

0.5342 

5.0 

9.3082  - 

10 

0.20332 

0.5549 

9.7190  - 

10 

0.2739 

0.5477 
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TABLE  XXI 

Single-Layer  Coils 

Values  of  log  K'  to  be  used  in  equation  (45).     Results  in  English  units. 

For  p  =  L7223  X  IQ-^,  g  =  0.60,  and  w  =  8.89. 


1 

B 

log  Kr' 

log  Kn 

log  KJ 

log  K^' 

logir/ 

0.02 

1.8044 

3.4504 

4.9738 

5.9891 

5.4439 

0.04 

1.8690 

3.2712 

4.8592 

5.8746 

5.2148 

0.06 

1.9084 

3.1670 

4.7945 

5.8099 

5.0855 

0.08 

1.9378 

3.0935 

4.7503 

5.7657 

4.9970 

0.10 

1.9615 

3.0367 

4.7172 

5.7326 

4.9309 

0.12 

1.9816 

2.9906 

4.6912 

5.7066 

4.8788 

0.16 

2.0149 

2.9184 

4.6523 

5.6677 

4.8010 

0.20 

2.0424 

2.8630 

4.6244 

5.6398 

4.7452 

0.3 

2.0971 

2.7639 

4.5800 

5.5954 

4.6564 

0.4 

2.1404 

2.6950 

4.5544 

5.5698 

4.6052 

0.5 

2.1769 

2.6426 

4.5384 

5.5538 

4.5732 

0.6 

2.2087 

2.6004 

4.5280 

5.5434 

4.5524 

0.7 

2.2370 

2.5652 

4.5212 

5.5365 

4.5387 

0.8 

2.2626 

2.5350 

4.5166 

5.5320 

4.5296 

0.9 

2.2859 

2.5087 

4.5136 

5.5290 

4.5237 

1.0 

2.3074 

2.4854 

4.5118 

5.5272 

4.5201 

1.5 

2.3954 

2.3973 

4.5117 

5.5271 

4.5199 

2.0 

2.4623  • 

2.3363 

4.5176 

5.5330 

4.5317 

2.5 

2.5164 

2.2898 

4.5252 

5.5406 

4.5468 

3.0 

2.5619 

2.2521 

4.5331 

5.5484 

4.5625 

3.5 

2.6012 

2.2206 

4.5408 

5.5562 

4.5780 

4.0 

2.6358 

2.1935 

4.5483 

5.5637 

4.5930 

4.5 

2.6667 

2.1697 

4.5554 

5.5708 

4.6072 

5.0 

2.6947 

2.1485 

4.5622 

5.5775 

4.6207 
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INTRODUCTION 

It  is  the  intent  of  the  writer  to  submit  in  this  paper  as  com- 
plete a  development  as  practicable  of  the  formulas  governing 
the  electrical  phenomena  taking  place  in  coupled  circuits  of  the 
simpler  types.  Some  experimental  work  is  also  included  to 
serve  as  a  verification  of  the  theoretical  results.  By  coupled 
circuits  of  the  simpler  types  may  be  understood  those  in  which 
the  various  electrical  constants  are  localized,  in  contradistinction 
to  such  circuits  as  are  represented  by  long  parallel  transmission 
systems,  in  which  the  various  electrical  properties  are  distributed 
in  space.  The  phenomena  discussed  will  naturally  include  such 
as  are  occasioned  by  steady  alternating  impressed  voltages,  as 
well  as  those  occurring  during  the  transient  periods  by  which  a 
change  from  one  steady  condition  to  another  takes  place. 

The  investigation  of  the  performance  of  coupled  circuits 
under  steady  alternating  conditions  is  of  peculiar  interest  in  that 
much  light  is  thrown  thereby  upon  the  more  complicated  phe- 
nomena taking  place  during  transient  periods.  The  very  im- 
portant commercial  apparatus,  the  transformer,  falls  under  this 
head  as  a  special  case.  With  the  increasing  use  of  high-frequency 
currents  it  becomes  of  importance  to  realize  and  to  be  able  to 
express  mathematically  the  effect  which  adjacent  circuits  may 
have  on  the  principal  circuit,  between  which  circuits  electro- 
magnetic coupHng  may  exist.  These  mutual  effects  become 
particularly  evident  at  high  frequencies. 

For  a  short  statement  of  the  problem  of  coupled  circuits 
as  applying  to  transient  conditions,  the  introduction  to  a  paper 
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by  Louis  Cohen,  "  The  Theory  of  Coupled  Circuits  "  (Bulletin 
of  the  Bureau  of  Standards,  vol.  5,  no.  4)  cannot  be  improved 
upon.     It  is  therefore  copied  here. 

Professor  Braun/  in  seeking  for  some  method  whereby  he  could  increase 
the  amount  of  energy  available  for  radiation  in  wireless  telegraphy,  without 
the  employment  of  excessively  high  voltages,  conceived  the  idea  of  using 
coupled  circuits.  The  advantages  of  this  method  over  the  old  method — 
direct  excited  antennae — are  quite  obvious,  and  are  famihar  to  all  students 
of  the  subject.  By  the  use  of  an  auxihary  circuit  of  low  resistance  and  large 
capacity,  we  can  store  up  a  large  amount  of  energy,  and  at  the  same  time 
produce  a  more  prolonged  oscillation,  which  is  very  important  for  syntoni- 
zation. 

The  coupling  may  be  accomplished  in  two  different  ways,  electromag- 
netically  or  directly.  In  either  case  the  advantages  to  be  gained  are  the 
same. 

Owing  to  its  great  practical  importance,  several  able  investigators  have 
worked  on  this  problem,  and  we  find  in  the  literature  of  the  subject  during 
the  past  few  years  a  number  of  contributions  dealing  with  this  problem  from 
its  practical  as  well  as  theoretical  aspect. 

This  problem  finds  its  analogy  in  acoustics.  If  we  mount  several  tuning- 
forks  on  a  resonating  box  and  excite  one,  the  other  tuning-forks  will  alsa 
vibrate,  but  each  one  will  vibrate  with  several  distmct  frequencies  which 
are  different  from  the  natural  period  of  the  tuning-forks.  The  general  out- 
line of  the  problem  and  the  method  of  solution  were  given  by  Lord  Rayleigh.^ 
He  points  out  that  the  whole  motion  may  be  resolved  into  m  normal  harmonic 
vibiations  of  different  periods,  each  of  which  is  entirely  independent  of  the 
others.  .  .  . 

If  we  neglect  the  resistance,  the  electrical  problem  under  consideration 
becomes  a  simple  matter,  for  being  a  system  of  only  two  degrees  of  freedom 
we  shall  have  only  two  frequencies,  and  this  will  require  the  determination  of 
the  roots  of  a  second-degree  equation.  If,  however,  we  take  the  resistance 
into  consideration,  which  is  a  very  important  factor  in  this  case,  then  the 
problem  becomes  much  more  difficult,  for  under  these  conditions  we  shall' 
have  to  obtain  the  roots  of  a  biquadratic  instead  of  a  quadratic.  ,  .  . 

Theoretically,  of  course,  it  is  possible  to  obtain  the  roots  of  a  fourth- 
degree  equation,  but  practically  the  task  is  not  an  easy  one,  and  this  is  more 
so  in  this  problem  when  the  coefficients  happen  to  be  somewhat  complicated 
expressions. 

The  problem  of  electromagnetically  coupled  circuits  is  from  the  mathe- 
matical standpoint  precisely  the  same  as  that  of  the  Tesla  transformer,  and  a 
solution  of  the  problem  was  attempted  some  thirteen  years  ago  by  Ober- 
beck,^  Galitzin,'*  and  Domalys  and  Kolacek.^  Later  on,  very  able  contri- 
butions were  made  by  Wien,^  and  Drude.^     All  these  investigations  have  in 

^  F.  Braun,  Physikalische  Zeitschr.,  vol.  3,  p.  148  (1901). 

2  Lord  Rayleigh,  Theory  of  Sound,  vol.  1,  p.  S-i. 

3  A.  Oberbeck,  Wied.  Ann.,  vol.  55,  p.  G23  (1895). 

4  Furst  B.  Galitzin,  Peter sh.  Ber.,  May,  June  (1895). 

^  R.  Domalys  and  F.  Kolacek,  Wied.  Ann.,  vol.  57,  p.  731  (1896). 

«  M.  Wien,  Wied.  Ann.,  vol.  61,  p.  151  (1897). 

^  P.  Drud*^,  Ann.  der  Physik.,  vol.  13,  p.  512  (1904). 
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general  followed  the  method  indicated  by  Lord  Rayleigh,  and  to  avoid  the 
difficulty  of  obtaining  the  roots  of  a  biquadratic,  they  were  obliged  to  limit 
themselves  to  consider  some  special  cases  only,  or  at  the  best  to  get  some 
approximate  results.  It  may  also  be  noted  that  the  method  that  has  been 
adopted  by  these  investigators  offers  considerable  difficulties  in  the  evaluation 
of  the  constants  of  integration.  Furthermore,  all  discussions  of  the  problem 
were  limited  to  the  case  of  electromagnetic  coupling;  and  to  my  knowledge 
the  problem  of  direct  coupled  circuits  has  not  been  considered  at  all,  except 
the  very  special  case  of  no  resistance  which  has  been  developed  by  Seibt,* 
and  of  course,  if  we  neglect  the  resistance,  we  eliminate  from  our  discussion 
the  most  important  part,  namely,  the  determination  of  the  damping  factors. 

Cohen  further  states: 

In  this  paper  I  have  developed  a  method  which  enables  me  to  obtain 
the  complete  solution  to  the  problem,  and  yet  avoid  the  difficulty  of  getting 
the  roots  of  a  biquadratic  equation.  My  method  is  applicable  to  the  problem 
of  direct  coupled  circuits  as  well  as  the  electromagnetically  coupled  circuits, 
and  the  evaluation  of  the  constants  can  be  obtained  with  considerable  ease. 
I  have  worked  out  b(>th  cases  quite  fully,  obtaining  the  frequency  constants 
:as  well  as  the  damping  factors. 

It  might  appear  that,  if  the  problem  had  been  so  completely 
worked  out  as  Cohen  states  in  his  last  paragraph,  there  would 
ibe  no  further  need  of  other  attempts.  Such,  however,  is  not 
the  case,  as  will  be  pointed  out  later  (see  page  223). 

The  work  here  presented  has  been  done  with  the  idea  of 
following  the  most  direct  route  to  the  desired  end,  without  the 
introduction  of  numerous  mathematical  devices  in  the  following 
of  which  their  actual  physical  significance  becomes  obscured. 
The  theoretical  work  as  developed  and  presented  in  the  form  of 
equations  is  subjected  to  experimental  verification  wherever 
practicable. 

The  subject-matter  of  this  paper  is  divided  into  two  sections: 
Section  I.     Steady  Alternating  Current  Phenomena  in  Electro- 
magnetically    Coupled     Circuits    with    Localized 
Constants. 
Section  II.     Transient  Phenomena  in  Electromagnetically  and 
Directly  Coupled  Circuits  with  Localized  Constants. 

Such  experimental  work  as  has  been  done  is  included  in  the 
particular  section  to  which  it  bvjlongs. 

8  G.  Seibt,  Physik.  Zeiischr.,  Aug.  1,  1904. 
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SECTION  I 

Steady  Alternating  Current  Phenomena  in  Circuits  with 

Localized  Constants,  and  Coupled  either  Directly 

OR  Electromagnetically 

In  the  following  pages  formulas  are  developed  for  the  deter- 
mination of  all  electrical  quantities  in  this  type  of  circuits  when 
the  impressed  electromotive  forces  are  pure  trigonometric  func- 
tions of  time.  The  transient  currents  which  necessarily  occur 
at  starting  are  not  considered. 

OUTLINE  OF   COMPLEX  QUANTITY  METHOD  OF  TREATMENT 

The  method  of  treatment  used  is  that  to  which  the  work  of 
C.  P.  Steinmetz  has  given  such  prominence,  namely,  the  ''  Sym- 
bolic Method,"  a  brief  description  of  which  is  given  here. 

Given 

y  =  f(l)    —  Ci  cos  2irft, 

an  equation  which  may  be  represented  by  a  curve  plotted  in 
polar  co-ordinates.  The  result  is  a  circle  passing  through  the 
origin  and  having  a  diameter  of  length  a  which  lies  in  the  reference 
axis.     Another  trigonometric  function  of  time  such  as 

u  =  <t){t)  =  b  sin  2Trft 

is  also  represented  by  a  circle  passing  through  the  origin,  and 

having  a  diameter  of  length  h  perpendicular  to  the  reference 

axis.     The  equation  obtained  by  adding  the  two  functions  as 

given, 

y  -\-  u  =  a  cos  2Tft  +  b  sin  2Trft, 


is   represented   by  a  circle  with  a  diameter  of    Va^  +  b^,  and 

this  diameter  lies  along  a  line  making  an  angle  d  =  tan"^  -  with 

the  reference  axis. 

For  brevity,  the  circle  itself  is  omitted,  the  diameter  being 
sufficient  to  locate  it  completely,  and  the  position  of  the  end  of 
the  diameter  is  designated  by  specifying  its  two  co-ordinates 
in  a  rectangular  system.     Distances  in  a  horizontal  line  to  the 
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right  of  the  origin  are  positive,  and  to  the  left,  negative.  Dist- 
ances in  an  upward  direction  are  designated  by  the  symbol  +  j 
used  as  a  prefix,  and  in  a  downward  direction  by  —  j.  To 
provide  for  the  proper  rotation  of  the  diameters  to  account  for 
the  change  from  cosine  to  sine  functions  of  time,  and  vice  versa, 
the  numerical  value  of  V  —  1  is  given  to  the  symbol  j.  Finall}^, 
instead  of  letting  the  diameter  represent  the  maximum  in- 
stantaneous value  of  the  wave,  we  assign  to  it  the  effective  value, 
which  is  equal  to  the  maximum  value  divided  by  the  square  root 
of  two.^ 

In  accordance  with  the  standardized  convention  among 
writers  on  engineering  subjects,  the  sign  attached  to  the  j  term 
is  such  that  if 

E  =  2  -j-jO        and        /  =  4  -  j3, 

then  I  is  said  to  be  a  quantity  lagging  in  time  with  respect  to  E. 
This  implies  a  direction  of  rotation  for  the  radius  vector  in  the 
polar  diagram  opposite  to  that  generally  accepted  in  mathe- 
matical works. 

ELECTROMAGNETICALLY   COUPLED   CIRCUIT 

General  Formulas 

The  figure  below  illustrates  the  general  form  of  electro- 
magnetically  coupled  circuit,  in  which  Ei  and  E2  are  the  im- 
pressed voltages,  which  are  of  necessity  of  the  same  frequency 
in  order  to  be  treated  symbolically  by  the  same  polar  diagram. 
If  cases  arise  in  which  the  frequencies  are  different,  then  two 
sets  of  computations  are  required,  the  complete  solution  being 
given  by  the  sum  of  the  solutions  for  the  separate  frequencies. 

In  the  circuit  shown  in  figure  1,  let  the  frequency  of  the 
impressed  electromotive  forces  be  designated  by  /.  The  dot 
below  the  symbols  for  currents  and  voltages  signifies  that  these 
quantities  are  the  so-called  vectors  in  the  polar  diagram;  that  is, 
are  specified  in  terms  of  their  two  rectangular  components. 


/  =  frequency,         co  =  27rf,         Xm  =  coM, 


(1) 


^  For  a  detailed  description  of  the  method,  see  Steinmetz,  Elements  of 
Electrical  Engineering,  part  I,  section  14. 
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Assuming  the  positive  direction  in  both  electrical  circuits  to 
be  in  the  same  direction  around  the  magnetic  circuit,  we  have, 
on  the  application  of  Kirchhoff's  Law, 


vWW 


\AAAAa 


Fig.   I 

E,    -    /iZi    -  jl2Xm    =    0, 
E2    -    I2Z2    -  jhXm    =    0. 

Solving  the  two  equations  in  (2), 

Z2E1    —  jXmE^ 


(2) 


h  = 


U  = 


Z1Z2   +    Xm^ 

Z1E2    —  jXmEi 
Z1Z2   4~   Xm^ 

Z1E2    —  jXmEi 
Z2E1    —  jXmE2 


/i- 


(3) 


The  primary  and  secondary  impedances  as  defined  by  equa- 
tion (1)  will  appear  in  the  form 


Zi  -  ri  +  jXi,         Z2  =  r2+  jX, 
Substituting  (3a)  in  (3), 

{r2^jX2)E,  -jXmE2 


(3a) 


/i  = 

h  = 


r,r2  -  X1X2  +  XJ  +  j(nX2  +  rsXi)  ' 

(r,+jXi)E2-jXmEi 
rir2  -  X1X2  +  XJ  +  i(riX2  +  r2Xi)  * 


(4) 


Equations  (3)  or  (4)  give  the  complete  and  general  solution 
for  the  problem.  Having  the  currents  as  derived  from  these 
equations,  the  values  of  the  electromotive  forces  are  all  deter- 
mined by  the  multiplication  of  the  current  values  by  the  im- 
pedance across  which  the  electromotive  force  drop  is  desired. 
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For  example,  the  electromotive  force  consumed  by  the  con- 
denser C2  is 


Ct 


h. 


60^2 

The  value  of  I2  as  given  by  (4)  could  now  be  substituted  and  the 
result  would  give  E2  as  an  explicit  function  of  the  impressed 
■electromotive  forces.  Similar  expressions  could  be  written  for 
all  other  electromotive  forces,  but  the  result  would  be  a  number 
of  equations  of  the  same  form  as  above — a  useless  repetition. 

Specialization  for  Zero  Resistance 

In  order  to  facilitate  the  inspection  of  equation  (4)  the  con- 
dition is  introduced  that  the  two  resistances  are  each  equal  to 
zero. 

Then 

^1  =  ^2  =  0 


and 


h=3 


(  coLa  -  ^^\Ei  -  oiME', 
\  C0C2/    * 


^  +  ^  +  «W2- 


h=j 


I  o>Li ^  1  £2  -  oiMEi 


1j\  Ijo, 

O2  ^1 


(co^Li 


L2  + 


1 


(5) 


In  equations  (5),  both  the  primary  and  the  secondary  cur- 
rents in  general  reach  infinite  values  for  two  distinct  values 
of  CO — that  is,  such  values  of  co  as  would  cause  the  denominator 
to  disappear. 

Placing  the  denominator  equal  to  zero  and  clearing  of  frac- 
tions, 

CiC2(LiL2  -  iVi2)a)4  -  (LiCi  +  L2C2)co2  +  1=0, 

from  which 


LiCi  +  L2C2  ±  a/(LiCi  -  L2C2)2  +  AM^CiC, 


(6) 


2CiC2(LiL2  -  M2) 
Let  the  free  oscillation-frequencies  of  the  separate  circuits 

be   given   by  fi=7r,  /2  =  77- .     Also,    let    the    coefficient   of 
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coupling  of  the  two  circuits  be  designated  by  k. 

1  1  M2 

-L/lUi  -L/202  ■LJl-L/2 

2  _  13,^  +  /?2^  zb  V(/32^  -  161^)^  +  ^kW^2' 

2(1  -  /c2)  •  ^^^ 

Equation  (8)'  gives  the  two  frequencies  at  which  the  de- 
nominator in  (5)  becomes  equal  to  zero. 

If  the  primary  and  secondary  circuits  are  tuned,  that  is,  if 
their  free  oscillation-frequencies  are  equal, 

^1  =  ^2  =  /?, 

and  under  this  condition  equation  (8)  will  reduce  to  the  form 

iS  - 


CO 


vr=b  k ' 


(9) 


In  equation  (9),  the  values  of  the  two  frequencies  for  which 
the  currents  become  infinite  for  the  special  conditions  selected, 
viz.,  /3i  =  ^2,  are  the  same  as  those  given  by  Fleming,^^  Zenneck,^^ 
and  others,  as  the  free  oscillation-frequencies  of  such  coupled 
circuits.  By  free  oscillation-frequency  is  meant  the  frequency 
at  which  a  system  will  oscillate  if  energy  is  neither  added  to  nor 
taken  from  it. 

Condition  for  Free  Oscillation  Frequency 

It  is  well  to  stop  here  and  notice  a  general  form  of  statement 
which  would  have  led  directly  to  the  same  conclusion.  Ne- 
glecting the  electromotive  forces  consumed  by  resistance,  all 
free  oscillations  must  take  place  at  such  a  frequency  that  the 
resulting  impedance  of  any  circuit  is  numerically  equal  to  zero, 
according  to  Kirchhoff 's  Law.  Thus,  a  single  circuit  comprising 
an  inductance  and  capacity  in  series  has  a  resulting  impedance  of 

Z  =  jo^L  -  j—^. 
coC 

Oscillating  freely,  Z  =  0,  from  which  condition  co^  =  yFi  • 

Again,  a  long  transmission  line  of  constants  L  and  C  per  unit 

^0  Fleming,  The  Principles  of  Electric  Wave  Telegraphy  and  Telephony. 
"  Zenneck,  Lehrhuch  der  drahtlosen  Telegraphie. 
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of  length  (neglecting  resistance  and  leakage)  has  an  effective 
impedance  when  measured  at  one  end,  the  other  end  being  short- 
circujted,  of 

Z,  =  j^-tan  (coD^LC), 

in  which  D  is  the  total  line-length.  To  oscillate  freely, 
tan  (coDVlC)  must  be  equal  to  zero;  that  is,  coD^LC  must  be 
some  multiple  of  tt. 

If  instead  of  having  both  ends  short-circuited,  one  of  the  ends 
is  closed  through  a  capacity,  Co,  then  the  resulting  impedance 
of  the  entire  circuit,  if  measured  from  a  point  adjacent  to  the 
inserted  condenser,  is 

Z  =  -j^^-^  +  jyj^  tan  (coZ)  VLC) 

and  the  free  period  or  frequency  of  oscillation  is  given  by  placing 
the  above  value  of  Z  equal  to  zero  and  solving  for  co. 

Applying  this  method  of  reasoning  to  the  case  in  hand,  it  will 
be  noted  that  a  condition  of  zero  impedance  as  derived  from  (5) 

by  placing  the  ratios  —  or  -V  equal  to  zero,  is  equivalent  to 

giving  the  denominator  in  (5)  the  value  zero-— the  procedure 
which  has  been  carried  out  with  the  result  shown  in  (9). 

Change  in  Circuit  Constants  Due  to  Mutual  Inductance 

Probably  the  most  important  case  in  practice  is  that  in  which 
but  one  source  of  electromotive  force  is  present.  It  makes  no 
difference  which  one  is  assumed  to  be  absent  in  figure  1,  as  the 
I'esult  can  be  made  perfectly  general  by  a  mere  transfer  of 
symbols. 

Let  £'2  =  0. 

Then  in  equation  (3) 

'^2-E'l 


''      Z,Z2  +  XJ' 

(10) 

J.                 -  jXmE, 

''    Z1Z2  +  X.2' 

(11) 

Z' 

El          Z\Zi   +   Xn^                            Xm 

/i                Z2                            Zi 

(12) 
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Equation  (12)  when  expanded  by  (1)  becomes 

Z    =  ri  +  j{  coLi  -    ^    I  + rT~r~r VJ~rr\i      •      (12a) 

\  coCiJ  r-^  +  (C0L2  —  l/a;C2)^ 

Z'  is  the  impedance  which  would  be  measured  on  the  primary 
side  of  the  circuit,  and  it  is  to  be  noted  that  the  resulting  ex- 
pression shows  this  impedance  to  consist  of  the  impedance  of 
the  primary  circuit  itself  plus  a  correction  factor  proportional 
to  the  square  of  the  mutual  inductance  of  the  two  circuits  and 
inversely  proportional  to  the  impedance  of  the  secondary  circuit. 

An  interesting  specialization  can  be  made  by  assuming  that 
both  of  the  condensers  are  short-circuited,  or  (what  is  the  same 
thing)  by  assuming  them  of  infinite  capacity.  Doing  this  (12a) 
reduces  to 

Z'  =  r,^  icoLi  +  ^^,  ^  ^,^^,  ir,  -  icoL^).  (13) 

Designating  the  factor  -~ . — tj-    by  s,  one  obtains  as  the 

new  constants  of  a  circuit,  different  from  its  original  constants 
because  of  the  presence  of  a  closed  circuit, 

r'  =  ri  +  sr2,    "1 
V  =  Li-  SL2.  J 

It  is  to  be  noted  that  in  (13a)  one  has  the  expression  covering 
all  changes  in  circuit  constants  due  to  eddy  currents  in  adjacent 
metal  bodies;  also  the  change  in  the  constants  of  an  inductance 
coil  due  to  partial  short-circuits  within  itself.  Such  phenomena 
always  cause  an  increase  in  the  effective  resistance,  and  a  de- 
crease in  the  effective  inductance.  As  a  compUcated  function 
of  (12a)  would  occur  the  change  in  constants  of  inductance  coils 
due  to  the  electrostatic  capacity  between  adjacent  turns;  especi- 
ally pronounced  at  very  high  frequencies. 

It  is  interesting  to  note  in  equation  (13a)  the  values  which  the 
corrective  terms  to  the  resistance  and  self-inductance  may  attain. 
Two  points  which  may  be  thus  investigated  readily  are  those  of 
zero  frequency  and  of  infinite  frequency. 

At  zero  frequency,  the  factor  s  obviously  has  a  value  of  zero, 
by  equation  (13).     This  arises  from  the  disappearance  of  the 
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numerator  in  the  expression  for  s  while  the  denominator  remains 
finite  due  to  the  presence  of  the  resistance  r2.  Therefore,  as  is 
natural,  at  zero  frequency,  there  is  no  change  in  circuit  constants 
caused  by  an  adjacent  coil. 

At  infinite  frequencies,  the  factor  s  may  be  evaluated  by 
noticing  that  the  quantity  r^^  becomes  negligible  in  comparison 
with  (o)L2y,  and  that  therefore  the  limiting  value  of  the  ratio 
.    M2 


IS 


Then,  for  infinite  frequency 


and 


M^ 

'-Ll 

r   -n+  ^^,  ,         L 

=  L, 

AP 
L2 

(136) 


The  results  indicated  in  (136)  can  be  considered  true  when 
applied  to  a  circuit  containing  capacity  in  both  the  primary 
and  secondary  systems.  This  arises  from  the  fact  that  the 
reactance  of  the  condensers  would  decrease  indefinitely  with 
increase  of  frequency,  and  that  therefore  their  effect  would 
become  negligible  as  long  as  the  values  of  the  capacities  are 
finite.     Zero  capacity  would  imply  an  open  circuit. 

Very  Closely  Coupled  Circuits 

Equations  (2)  and  (3)  will  now  be  modified  for  the  special 
case  of  very  closely  coupled  circuits  with  high  self -inductance, 
as  typified  by  commercial  potential  transformers. 

Figure  1  suffices  for  this  case,  with  but  slight  change  in 
notation.  But  one  source  of  electromotive  force  is  present, 
El.  E2  is  the  resulting  potential  difference  at  the  terminals  of 
the  secondary,  which  are  supposed  to  be  connected  through  a 
load  of  impedance  Z. 

E2  =  resulting  E.M.F.  at  secondary  terminals. 

Z  =  impedance  of  load  connected  across  secondary  termi- 
nals. 

Z2  =  total  impedance  of  the  transformer  secondary,  exclusive 
of  the  load  impedance. 

E20  =  —  jXmli  =  internal  induced  E.M.F.  in  secondary.  (14) 


(19) 


Vol.  1]      Pernot. — Currents  in  Coupled  Electrical  Circuits,         173 

By  Kirchhoff's  Law, 

-  jXJ,  -  (Z  +  Z,)h  =  0,  (15) 

-  jXm  ^  J  Z   -{-   Z2 

*'-    Z    +   Zj''  ''-    -jXm-'^  ^^^^ 

zx 

E,  =  Zh  =  -Jz~+~\'"  ^^^^ 

In  the  primary  circuit 

El  -  UZ,  -  jXmh  =  0, 

/       Z  +  Z2  \ 

E,  =  \^jZ,  -~-^  +  jX^  j  I,.  (18) 

Now  Zi  =  ri  +  jXi;         Z2  =  rs  +  JX2, 

Let  X^  =  (1  -  a)  VX1X2. 

In  the  last  equation  of  (19)  the  term  (1  —  a)  is  the  same  as 
the  usually  defined  coefficient  of  coupling  (Equation  7).  How- 
ever, since  in  the  case  at  hand  k  is  very  nearly  equal  to  unity 
by  the  hypothesis  that  the  coupling  is  close,  the  term  a,  which 
expresses  the  difference  between  unity  and  k,  is  introduced. 

Substituting  (19)  in  the  previous  equations, 

.rir2  -  X1X2  +  i(riX2  +  r2Xi)  ^ 

El  =  J , i2 

(1  -  a)  VX1X2 

(20) 

Since  (1  —  a)  is  very  nearly  equal  to  unity,  in  the  expansion 
of  (1  —  a)~'^  we  can  neglect  all  terms  but  the  first  two,  thus 
making  the  approximation, 

1 

:, =  1  +  a. 

1  —  a 

Introducing  this  in  equation  (20)  and  collecting  and  combining 
terms 


'lYr^im}^'+^'"'^'^-' 


_  (21) 
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Similarlyj  by  (16) 

Still  another  approximation  can  be  made.  For  a  high  coef- 
ficient of  coupling  (small  a)  the  construction  of  the  coils  must  be 
very  compact,  or  else  they  must  be  both  wound  on  the  same 
iron  core.  In  either  case  the  self-inductance  of  such  coils  would 
be  proportional  to  the  square  of  the  number  of  turns.     Therefore, 

Let  _ 


^     A^o      ^'X2 

K,  as  here  defined,  is  the  usually  accepted  ratio  of  trans- 
formation. Introducing  the  value  of  K  into  (21)  and  (22),  we 
have  as  the  final  form  of  equation: 

K 


-  ^1  =  (1  +  a)  I  KE^  -  jri{E2  +  r2h) 


+  rj~  +  Kr,h  }  +  flaKX^h,  \     (23) 
(ll      .{E,  +  r,h)K\ 

Scrutinizing  (23)  it  will  be  noted: 

(a)  The  term  KE^  indicates  the  transformation  of  the 
secondary  voltage  by  the  amount  (1  +  a)K.  Since  (1  +  a)  is 
sensibly  equal  to  unity,  the  most  important  factor,  which  is 
(1  +  oi)Ky  gives  a  transformation  ratio  equal  approximately  to 
the  ratio  of  the  number  of  turns  in  the  respective  coils. 

(6)  The  term  in  the  round  brackets  multiplied  by  ri  accounts 
for  the  electromotive  force  consumed  in  the  primary  winding  by 
the  exciting  current  and  the  resistance  of  the  primary.     The 

magnitude  of  the  exciting  current  is  -:^  {E^  +  ^^2/2),  which  is  to 

be  seen  in  the  current  equation.  It  is  sensibly  equal  to  the 
impressed  electromotive  force  divided  by  the  total  reactance  of 
the  primary. 
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h 

(c)  Ti  t;  is  the  electromotive  force  consumed  by  the  primary 

K. 

resistance,  due  to  the  load  current  I2  as  transformed  into  primary 
terms  by  dividing  by  K.  Kr2l2  is  the  electromotive  force  con- 
sumed by  the  secondary  resistance  and  load  current,  multiplied 
by  the  ratio  of  transformation  so  as  to  be  expressed  in  primary 
terms. 

(d)  2jaKX2l2  is  the  electromotive  force  consumed  by  the 
so-called  "  leakage  reactance."  In  a  perfect  transformer,  that 
is,  one  with  unity  coefficient  of  coupling,  this  term  would  be 
absent. 

(e)  In  the  current  equation,  we  have  simply  the  secondary 
current  transformed  by  the  ratio  of  transformation  into  primary 
terms,  to  which  is  added  the  exciting  current  as  mentioned 
under  b. 

Neglecting  losses  in  an  iron  core  brought  about  by  hysteresis 
and  eddy-currents,  the  discussion  given  above  estabhshes  the 
theory  of  transformers  on  a  more  secure  basis  and  in  a  more 
direct  manner  than  can  be  done  by  first  assuming  some  sort  of 
an  equivalent  circuit  and  then  deducing  subsequent  performances 
therefrom.  However,  the  results  as  expressed  by  equation  (23) 
are  practically  identical  with  the  results  derived  by  the  assump- 
tion of  an  equivalent  circuit.  The  left-hand  members  of  equa- 
tion (23)  are  taken  with  the  minus  sign  in  order  to  facilitate  the 
comparison  of  these  equations  with  the  standard  form  of  trans- 
former equations,  which,  when  derived  from  an  equivalent  circuit, 
take  no  account  of  the  reversal  in  phase  position  by  trans- 
formation.^^ 

DIRECTLY  COUPLED  CIRCUITS 
General  Formulas 

Another  form  of  circuit  which  particularly  invites  discussion 
is  the  directly  coupled  circuit.  In  this  type  the  primary  and 
secondary  circuits  are  not  completely  independent,  but  a  por- 
tion of  the  circuit  is  utilized  in  common. 

In  the  figure  below,  we  have  the  general  case  of  direct  coup- 
ling. 

^2  See  2'Ae  Standard  Handbook  for  Electrical  Engineers  for  an  illustration 
of  the  "  equivalent  circuit  "  for  transformers. 
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Let  Zi  =  impedance  of  the  circuit  BAEi  when  taken  alone; 
that  is,  the  total  impedance  of  the  primary 
circuit  if  the  portion  BC  were  short-circuited  and 
removed. 

Zs  =  impedance  of  the  portion  BC  when  taken  alone. 

Z2  =  total  external  impedance  in  the  secondary. 

Xm  =  2irfM  =  mutual  reactance  between  the  portions 
AB  and  BC. 

El  =  E.M.F.  inserted  in  primary  circuit. 

E2  =  E.M.F.  inserted  in  secondary  circuit. 


4W1N- 


KAAAA/ 
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^AAAA/■ 
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Fig.  2 
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In  order  to  be  treated  by  the  same  polar  diagram,  the  two 
electromotive  forces  must  necessarily  be  of  the  same  frequency, 
as  previously  pointed  out. 

For  the  above,  two  possible  cases  arise:  first,  when  passing 
from  A  to  C  gives  a  motion  in  the  same  direction  around  the 
magnetic  circuit  in  both  portions,  AB  and  BC;  and  second,  when 
in  passing  through  BC  the  direction  of  motion  around  the  mag- 
netic circuit  is  opposite  to  that  in  passing  from  A  to  B. 

In  the  first  case,  L^^  —  ^ab  +  ^bc  +  2M. 

In  the  second  case,  Lj^q  =  L^^  +  L^c  ~  ^M. 
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Solutions  for  both  cases  are  carried  through  simultaneously, 
by  using  the  double  sign.  The  upper  sign  refers  to  the  first  case, 
and  the  lower  sign  refers  to  the  second  case. 

Take  the  current  equation  such  that  at  the  point  C 


Ii  +  h  +  h  =  0. 
By  Kirchhoff's  Law,  the  E.M.F.  equations  are 

^2    -    Z2/2    +    Z3/3   =F  jXmh    =    0, 

El  -  Z.h  +  ^3/3  ±  jXml,  =F  jXJ,  =  0. 
Rewriting, 

±  jXmh    +    ^2/2    -    Zsls    =    E2, 

(Zi  ±  jXm)Ii  -   (Z-s  ±  iXJ/3  =  E,, 

h  +  h  +  h  =  0. 
Solving  the  above  set  of  simultaneous  equations, 

(^3  +  ^2)^1  -  {Z,±jXm)E2 


(24) 

(25) 
(26) 

(27) 


h 


h  = 


h  = 


^2(^3    +    Zi    ±   2jXm)    +   Z3Z1    +    XJ  ' 

(Zi  +  Z3  =b  2iX^)£'2  -  (Z3  =b  jXm)E, 

Z2(Z3    +    Zi    ±    2jXm)    +    Z3Z1    +   XJ 

(dtjXm    -    Z2)E,    -    {ZidzjXm)E2 
Z2(Z3   +   Zi   =b   2jXm)    +   Z3Z1  +  XJ  ' 


(28) 


Equations  (28)  suffice  to  determine  completely  all  the  quan- 
tities involved.  The  electromotive  force  expressions  are  given 
directly  from  those  for  current  by  multiplying  the  proper  current 
by  the  impedance  across  which  the  electromotive  force  drop  is 
desired. 

Four  particular  cases  arise  from  (28) :  Either  the  primary  or 
the  secondary  voltage  which  is  introduced  into  the  circuit  may 
be  equal  to  zero,  and  for  either  of  these  conditions  the  double 
sign  before  the  term  jXm  occurs. 

The  most  important  practical  cases  (such  as  auto-trans- 
formers or  induction  coils  connected  in  the  speaking  circuits 
of  telephone  systems)  occur  when  one  of  the  electromotive  forces 
is  zero. 

Very  Closely  Coupled  Circuits 

As  in  the  case  of  circuits  coupled  electromagnetically  only, 
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a  number  of  approximations  can  be  made  when  the  coefficient  of 
coupUng  is  very  high,  together  with  a  high  self-inductance  of  the 
coils.  This  is  the  case  of  commercial  potential  transformers 
used  as  auto-transformers. 

But  one  case,  as  illustrated  in  figure  3,  is  considered  here;  in 
it  the  electromotive  force  is  taken  as  supphed  to  the  terminals 
of  the  circuit  consisting  of  the  two  coils  in  series,  while  the  load 
on  the  secondary  side  is  taken  between  the  inner  and  one  of  the 
outer  terminals. 

A  notation  slightly  different  from  that  used  in  the  previous 
case  is  adopted  here. 

/,  A 


Let  Zi  =  impedance  of  AB  taken  alone. 

Z3  =  impedance  of  BC  taken  alone. 
Xm  =  mutual  reactance  between  AB  andBC   =  2TrfM. 

El  =  primary  impressed  E.M.F. 

E2  =  resulting  secondary  E.M.F. 

/i  =  primary  current. 

I2  =  secondary  current. 

Is  =  current  in  portion  BC. 
The  double  sign  is  carried  throughout. 
Case  1.     L^c  =  ^1  +  ^3  +  2M. 
Case  2.     L^c  =  Li  +  L3  -  2M. 

It  is  desired  to  express  Ei  and  /i  in  terms  of  E2  and  /2. 
The  convention  as  to  positive  directions  in  the  circuits  is  as 
indicated  by  the  arrows  shown  in  the  diagram. 
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Applying  Kirchhoff' s  laws, 

El  -  Zi/i  ±  jX^Js  =  -  E2, 

±  jXmll    -    Z3/3    =     -    E2, 

- 

/l    +   /3    =     -    T2.     J 

Solving  (29), 

(Zi    +    Z3   ±   2jXm)E2    +    (Z1Z3  +  X^2)/^     . 

•  ^  ~                          -(ZaijXJ 

•       ^2  +  Z3/2 

-  ^2  ±  ix,j2 
• '  ~  -  (Z.  +  7X^)  • 

(29) 


(30) 


where 


But  by  equations  (19)  and  following 

X„,  =  a  -  a)  VX^X^  =   (1  -  a)KX, 

Xi      Ni' 


X3  A^3^ 


=  K^ 


Zi  =  ri+  jXi,         Z3  =  r3  +  jXs. 

Since  a  is  very  small  compared  with  unity,  by  the  assumption 

that  the  coupling  is  very  close,  the  approximation  can  be  made 

that 

1 


K 


K 


Also  in  the  denominator  of  equation  (30)  r^  may  be  neglected 
in  comparison  with  X3. 

Introducing  the  above  values  into  equation  (30)  there  results 
as  an  expansion 

E2  +  rzh 


'■  =  ('-r£s)(T^+,#iit.)^  <«) 


-  E, 


1  =b 
X  ■ 

+ 


K 


a 


1  ±  K) 

Ti  +  rs 


[r 
id" 


±i^)X3 

rirz 


+  (1  d=  X)  T 


2aK    "1  ^ 


(32) 


Y^  (  t|^  +  32aK''X,  +  n  +  r,K'^  J,  \  . 
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Ka 

If  in  (31)  and  (32)  ■     ,    ^  is  negligible  compared  with  unity, 

the  comparatively  simple  form  shown  below  will  result,  which 
is  sufficiently  accurate  for  any  practical  problem  connected  with 
commercial  auto-transformers. 

-'-    l±X+j(l±X)X3'  ^'^^^ 


+  7-f-^  (  V^'  +  ri  +  rsK'  +  j2aK'Xs  j  h- 


(34) 


1  ±K\jXs 

In  equations  (33)  and  (34)  the  same  identification  of  terms 
is  possible  as  was  carried  out  for  the  case  of  pure  electromagnetic 
coupling.  Since  these  equations  are  in  almost  identical  form 
with  those  for  the  electromagnetically  coupled  circuit  as  given 
in  (23),  it  is  not  deemed  necessary  to  carry  out  the  comparison  here. 

It  must  be  remembered  that  though  these  equations  have 
been  specialized  in  such  a  way  as  to  apply  to  the  very  practical 
case  of  transformers,  there  has  been  no  provision  made  in  them 
to  take  into  account  such  matters  as  the  change  of  permeability 
of  the  iron  core  with  change  of  flux  density  nor  of  the  matter  of 
accounting  for  the  energy  losses  which  take  place  in  these  iron 
cores  created  by  hysteresis,  and  eddy-  or  Foucault-currents. 

In  making  these  specializations  a  matter  borne  in  mind  was 
the  importance  of  showing  that  the  general  expressions  could,  by 
the  assumption  of  these  special  conditions,  be  made  to  assume  a 
form  which  coincided  with  the  recognized  forms  of  expressions 
covering  these  cases — a  result  tending  toward  establishing 
confidence  in  the  general  developments.  In  the  case  of  direct- 
coupled  circuits,  or  auto-transformers,  this  advantage  is  not  so 
pronounced,  the  subject  not  being  one  which  has  been  covered 
with  any  great  degree  of  refinement,  or  in  which  the  continued 
coincidence  of  experimental  results  with  determinations  of 
performances  from  the  standard  form  of  expressions  has  un- 
deniably established  the  correctness,  in  general,  of  the  latter. 

In  reference  to  the  type  of  phenomena  discussed  in  this  first 
part  of  the  work,  viz.,  steady  alternating  current  phenomena  in 
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coupled  circuits  with  localized  constants,  no  further  theoretical 
developments  are  given.  The  general  expressions  as  given  are 
sufficient  to  cover  the  majority  of  cases  that  may  arise,  and 
further  work  would  necessarily  be  of  the  nature  of  the  solution 
of  numerous  special  cases. 

The  remainder  of  the  work  of  this  section  consists  of  experi- 
mental work  covering  to  a  certain  extent  the  preceding  develop- 
ments. 

Experiment  A 

Variation  of  I2  with  Frequency 

This  experiment,  carried  out  with  a  purely  electromagnetically 
coupled  circuit,  is  intended  to  serve  as  a  verification  of  (3),  fully 
expanded  in  (4).  Being  the  fundamental  equation  for  this, 
class  of  circuits,  a  verification  of  it  would  in  general  be  sufficient, 
for  the  whole  class. 

To  carry  out  this  experiment,  two  inductance  coils  and  two. 
condensers  were  available. 

The  condensers  were  of  two  kinds;  Ci  a  paraffined  paper 
condenser  by  Ruhmer,  and  C2  a  mica  condenser  by  Leeds  and 
Northrup.  The  condenser  C2  was  certified  by  the  United  States 
Bureau  of  Standards,  fixing  its  value  at  1.0054  m.f.  for  slow 
discharge.  As  all  of  the  work  was  carried  on  at  frequencies 
above  100  cycles  per  second,  to  allow  for  the  recognized  decrease 
in  capacity  of  a  condenser  with  increase  in  frequency,  its  value 
was  taken  at  1.0000  m.f.  This  diminution  in  capacity  is  about 
what  one  would  expect  from  an  average  of  actual  measured 
diminutions  found  for  similar  condensers.  This  condenser  was 
used  as  a  standard  of  comparison  for  the  other  condenser  as  well 
as  for  the  inductance  coils. 

As  measured  in  the  laboratory  of  the  Department  of  Me- 
chanics of  the  University  of  California,  the  following  values  were. 

obtained. 

TABLE   I 

Capacity  of  C2 1.0000  m.  f. 

Effective  resistance  of  C2  at  500  cycles 0.0  ohms. 

Capacity  of  Ci  at  250  cycles 3.6431  m.  f. 

Capacity  of  Ci  at  500  cycles 3.6369  m.  f. 

Eff.  res.  of  Ci  at  250  cycles 0.7  ohms. 

Eff.  res.  of  Ci  at  .500  cycles 0.4  ohms. 

In  parallel  with  Ci  was  placed  a  small  mica  condenser  of 
0.0985  m.f.  capacity. 
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Resulting  average  value  of  capacity  Ci 3.7385  m.  f. 

Self-inductance  of  coil  No.  1 Li  =0.1131  henrys 

Self-inductance  of  coil  No.  2 Li  =  0.4640  henrys 

D.  C.  res.  of  coil  No.  1 8.8  ohms 

Res.  of  coil  No.  1  at  250  cycles 9.0  ohms 

Res.  of  coil  No.  1  at  500  cycles 9.8  ohms 

D.  C.  res.  of  coil  No.  2 18.9  ohms 

Res.  of  coil  No.  2  at  250  cycles 20.1  ohms 

Res.  of  coil  No.  2  at  500  cycles 23.8  ohms 

Mutual  inductance  of  coils M  =  0.05830  henrys 

The  experiment  consisted  in  applying  a  sinusoidal  voltage 
of  measured  value  and  frequency  to  the  primary  circuit  which 
contained  the  condenser  Ci  and  the  inductance  Li,  and  at  the 
isame  time  measuring  the  current  produced  in  the  secondary 
•circuit  which  was  composed  of  the  inductance  L2,  the  capacity  C2, 
and  a  suitable  current  meter;  the  experimental  results  to  be 
compared  with  results  computed  from  equation  (3). 

The  meter  for  measuring  the  secondary  current  was  a  West- 
inghouse  precision  voltmeter  used  as  a  milli-ammeter.  Its 
resistance  was  100.0  ohms,  and  the  self-inductance  of  its  coils 
was  0.0737  henrys.  The  resulting  secondary  self-inductance  was 
then  0.4640  +  0.0737  =  0.5377  henrys. 

Throughout  the  test  the  following  values  of  circuit  constants 
were  maintained: 

Li  =  0.1131  henrys,         U  =  0.5377  henrys, 

Ci  =  3.7385  m.f.,  C2  =  1.0000  m.f., 

Ti  =  50.0  ohms,  r2  =  200.0  ohms, 

M  =  0.05830  henrys. 

To  maintain  these  values  of  resistance  it  was  necessary 
to  add  resistance  external  to  that  of  the  inductance  coils.  This 
added  resistance  was  investigated  to  determine  that  it  was 
suitably  non-inductive. 

The  effective  resistances,  r',  of  the  inductance  coils  plus  their 
respective  condensers  for  different  frequencies  were  as  given 
below,  the  values  being  taken  from  curves. 

The  quantity  50  —  r/  is  the  external  resistance  to  be  added 
to  the  primary  circuit  to  maintain  a  constant  total  resistance  of 
50.0  ohms  for  vi. 
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TABLE   II 

/ 

.  '"i' 

n' 

.50  — n' 

100  -  /•/ 

0 

*   ? 

? 

? 

? 

100 

9.2 

19.0 

40.8 

81.0 

150 

9.4 

19.3 

40.6 

80.7 

200 

9.5 

19.6 

40.5 

80.4 

250 

9.7 

20.1 

40.3 

79.9 

300 

9.8 

20.6 

40.2 

79.4 

350 

9.9 

21.2 

40.1 

78.8 

400 

10.0 

21.9 

40.0 

78.1 

450 

10.1 

22.7 

39.9 

77.3 

500 

10.2 

23.8 

*      39.8 

76.2 

550 

10.3 

24.9 

39.7 

75.1 

600 

10.3 

26.0 

39.7 

74.0 

Remembering  that  the  resistance  of  the  meter  in  the  second- 
ary circuit  is  100.0  ohms,  the  quantity  100  —  r2  is  the  external 
resistance  to  be  added  to  the  secondary  circuit  to  maintain  a 
constant  resistance  of  200.0  ohms  total  for  r2. 

Voltmeter  Correction  for  High  Frequencies 
To  measure  the  primary  impressed  voltage,  a  Weston  D.C., 
A.C.  0-75  volt  dynamometer  type  voltmeter  was  used.  Since  it 
was  used  on  frequencies  ranging  up  to  600  cycles  per  second  it 
became  necessary  to  correct  its  readings  for  the  effect  of  the 
self-inductance  of  the  coils  of  the  meter.  The  data  for  its  self- 
inductance  and  calibration  curve  at  low  frequency  are  given 

below. 

TABLE  III 

Correction  Factor  k  for  Frequencies  Designated 

B  d  L,„  100     200     300     400     ^450     500     550     600 

0  0.0  0.0635  1.0005  1.0018  1.0042  1.0074  1.0G94  1.0116  1.0140  1.0167 

10  -  0.4  0.0638  1.0005  1.0018  1.0042  1.0075  1.0095  1.0117  1.0141  1.0168 

15  -  0.3  0.0641  1.0005  1.0019  1.0043  1.0076  1.0096  1.0118  1.0143  1.0170 

20  -  0.2  0.0645  1.0005  1.0019  1.0043  1.0077  1.0098  1.0121  1.0146  1.0174 

25  -  0.1  0.0652  1.0005  1.0020  1.0044  1.0079  1.0100  1.0123  1.0149  1.0177 

30  0.0  0.0660  1.0005  1.0020  1.0045  1.0080  1.0101  1.0125  1.0152  1.0181 

35  0.0  0.0674  1.0005  1.0021  1.0047  1.0083  1.0105  1.0129  1.0157  1.0187 

40  0.0  0.0691  1.0006  1.0022  1.0050  1.0087  1.0112  1.0137  1.0167  1.0199 

45  0.0  0.0710  1.0006  1.0023  1.0053  1.0093  1.0118  1.0146  1.0176  1.0210 

50  +0.1  0.0732  1.0006  1.0025  1.0056  1.0099  1.0125  1.0154  1.0186  1.0222 

55  +0.1  0.0754  1.0007  1.0026  1.0058  1.0104  1.0131  1.0162  1.0196  1.0233 

60  +0.2  0.0775  1.0007  1.0027  1.0061  1.0109  1.0139  1.0171  1.0206  1.0246 

65  +0.3  0.0793  1.0007  1.0029  1.0064  1.0114  1.0145  1.0178  1.0216  1.0257 

70  +0.4  0.0809  1.0008  1.0030  1.0067  1.0118  1.0150  1.0185  1.0224  1.0267 

75  +0.4  0.0821  1.0008  1.0031  1.0069  1.0123  1.0154  1.0192  1.0232  1.0276 
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At  a  frequency  /,  the  correction  factor,  or  ratio  of  true 
voltage  to  meter  reading,  is  given  by 

2Tr fLm 

k  =  sec  tan~^ , 

in  which  Lm  is  the  self-inductance  of  the  meter  coil  and  r^  is  its 
resistance. 

rm  =  1302  ohms. 

D  =  meter  reading.         d  =  correction  to  meter  reading. 

The  Westinghouse  precision  voltmeter  used  in  the  secondary 
circuit  was  correct,  within  the  degree  of  accuracy  possible  in 
the  primary  voltage  measurements,  without  any  correction.  Its 
constant  was  such  that  the  current  in  milli-amperes  was  ten 
times  the  square  root  of  the  deflection. 

Since  the  current  in  the  secondary  circuit  changes  very 
rapidly  with  any  change  in  frequency  of  supply  voltage,  it  was 
impossible  to  maintain  a  constant  frequency  for  a  sufficient 
length  of  time  to  enable  speeds  to  be  taken  by  direct  counting 
of  revolutions,  time-intervals  being  determined  with  a  chrono- 
graph. To  determine  speeds  of  the  generator  an  electric  tachom- 
eter was  used,  readings  of  speed  being  taken  coincidently  with 
the  readings  of  the  instruments  in  the  circuits.  A  calibration 
of  the  tachometer  was  made,  but  on  account  of  the  difficulty 
named  above  the  results  of  the  calibration  are  not  all  that  could 
be  desired.  The  results  of  the  speed  measurements  are  probably 
accurate  to  within  one  percent. 

On  the  following  pages  are  submitted  the  actual  data  taken 
in  the  test,  together  with  the  various  corrections  and  reductions. 
The  quantities  tabulated  are  as  follows: 

Col.         I,      /  =  frequency  as  corrected  by  tachometer  calibration. 

II,     D  =  uncorrected  reading  of  voltmeter  in  primary  circuit. 

III,  R  =  reading  of  ammeter  in  secondary  circuit. 

IV,  El    =  D  -\-  d  =  voltmeter  reading  corrected  by  calibration. 
V,      k  =  correction  factor  to  voltmeter  reading  for  frequency  /. 

VI,  El  =  true  value  of  primary  voltage  =  kEi'. 
VII,    1 2  =  true  value  of  secondary  current,  amperes. 
VIII,  lO^h/Ei  =  10,000  times  the  ratio  of  secondary  current  to  primary 
voltage,  or  secondary  current  which  would  have  been 
obtained  if  primary  voltage  had  been  kept  constant 
at  10,000  volts. 

The  last  two  columns,  which  are  unnumbered,  are  the  averages 
of  the  results  from  each  set  of  observations,  each  set  of  which 
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was  taken  as  nearly  as  possible  at  the  same  frequency.     These 

are  the  two  columns  from  which  data  are  taken  for  the  subse- 
quent curve. 

TABLE  IV 

Observed  Data,  Reductions,  and  Corrected  Results  for  Experimental 
Verification  of  Equation  No.  4 

I              II  III  IV  V              VI  VII  VIII 

No.          /              B  R  Ex'  k               El  h  iO*l2lEi        f       lO^hJEi 

1  120.9  74.6  1.9  75.0  1.0012  75.1  0.0140  1.87 

2  120.5  74.8  1.9  75.2  1.0012  75.3  0.0138  1.83 

3  120.9  72.5  1.9  72.9  1.0012  73.0  0.0138  1.89  121   1.87 

4  150.6  62.3  12.6  62.5  1.0016  62.6  0.0356  5.67 

5  151.4  64.7  14.2  65.0  1.0017  65.1  0.0377  5.78 

6  151.4  68.0  15.4  68.4  1.0017  68.5  0.0393  5.73  151   5.73 

7  158.6  70.4  30.6  70.8  1.0019  70.9  0.0555  7.81 

8  159.0  71.4  31.2  71.8  1.0019  71.9  0.0559  7.77  159   7.79 

9  176.0  59.4  88.8  59.6  1.0022  59.7  0.0942  15.78 

10  176.8  61.8  97.7  62.0  1.0022  62.1  0.0989  15.90  176  15.84 

11  177.2  37.6  37.8  37.6  1.0018  37.7  0.0615  16.32 

12  177.6  39.3  41.4  39.3  1.0018  39.4  0.0644  16.34 

13  177.6  40.5  43.5  40.5  1.0018  40.6  0.0660  16.27  177  16.31 

14  197.4  32.9  123.3  32.9  1.0020  33.0  0.1110  33.61 

15  197.4  34.1  132.7  34.1  1.0020  34.2  0.1152  33.69 

16  197.4  35.2  139.3  35.2  1.0020  35.3  0.1180  33.42  197  33.6 

17  206.9  33.3  182.0  33.3  1.0023  33.4  0.1350  40.42 

18  206.9  35.0  199.6  35.0  1.0023  35.1  0.1412  40.21 

19  206.9  36.0  213.5  36.0  1.0023  36.1  0.1461  40.45  207  40.4 

20  217.6  32.7  202.4  32.7  1.0025  32.8  0.1423  43.4 

21  217.2  33.0  207.3  33.0  1.0025  33.1  0.1440  43.5 

22  218.0  33.3  209.5  33.3  1.0025  33.4  0.1448  43.3   218  43.4 

23  237.8  .30.2  182.3  30.2  1.0030  30.3  0.1350  44.5 

24  2.37.8  31.2  194.0  31.2  1.0030  31.3  0.1392  44.5 

25  238.2  32.9  214.3  32.9  1.0030  33.0  0.1464  44.4   238  44.5 

26  248.9  30.4  180.1  30.4  1.0032  30.5  0.1342  44.0 

27  248.1  31.4  194.6  31.4  1.0032  31.5  0.1396  44.3 

28  248.1  32.9  212.7  32.9  1.0032  33.0  0.1460  44.2   248  44.2 

29  255.1  30.2  172.8  30.2  1.0034  30.3  0.1316  43.4 

30  255.9  31.9  191.8  31.9  1.0034  32.0  0.1384  43.2 

31  255.1  33.5  211.1  33:5  1.0034  33.6  0.1453  43.2   255  43.3 
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I              II             III           IV  V  VI             VII  VIII 

No.          f              D               R           El'  k  El               h  WI2IE1        f        104/2/^1 

32  267.8  34.8  196.0  34.8  1.0038  34.9  0.1400  40.1 

33  266.6  35.6  207.9  35.6  1.0038  35.7  0.1441  40.4 

34  266.2  36.0  213.6  36.0  1.0038  36.1  0.1461  40.5   267  40.3 

35  285.4  34.5  125.5  34.5  1.0043  34.6  0.1120  32.4 

36  286.0  36.2  137.3  36.2  1.0044  36.4  0.1171  32.2 

37  286.0  39.4  162.9  39.4  1.0046  39.6  0.1277  32.3   286  32.3 

38  306.1  44.7  116.8  44.7  1.0056  44.9  0.1080  24.1 

39  306.5  49.4  141.4  49.5  1.0059  49.8  0.1189  23.9 

40  305.7  54.0  170.8  54.1  1.0062  54.4  0.1308  24.0   306  24.0 

41  323.8  43.2   65.9  43.2  1.0062  43.5  0.0811  18.67 

42  323.8  47.6   78.4  47.7  1.0065  48.0  0.0885  18.47  324  18.57 

43  342.7  54.2   63.3  54.3  1.0077  54.7  0.0796  14.56 

44  342.7  57.9   71.6  58.1  1.0080  58.6  0.0846  14.43 

45  341.9  60.6   80.0  60.8  1.0082  61.3  0.0895  14.60  342  14.53 

46  360.8  60.7   54.9  60.9  1.0092  61.5  0.0740  12.04 

47  360.8  64.1   61.0  64.4  1.0095  65.0  0.0781  12.02  361  12.03 

48  391.4  52.5   23.7  52.6  1.0100  53.1  0.0487  9.16 

49  391.4  62.2   33.6  62.4  1.0110  63.1  0.0580  9.18  391   9.17 

50  401.6  53.4   21.4  53.5  1.0106  54.1  0.0462  8.54 

51  400.8  54.5   22.2  54.6  1.0106  55.2  0.0471  8.53 

52  400.8  61.2   28.5  61.4  1.0114  62.1  0.0534  8.59  401   8.55 

> 

53  442.9  68.5   21.3  68.9  1.0148  69.9  0.0461  6.60 

54  442.9  71.4   23.2  71.8  1.0151  72.9  0.0482  6.61 

55  440.5  75.2   25.6  75.6  1.0153  76.8  0.0506  6.59  442   6.60 

56  489.4  64.6   11.9  64.9  1.0177  66.0  0.0345  5.22 

57  491.0  69.0   13.5  69.4  1.0184  70.7  0.0368  5.20 

58  491.0  72.8   15.5  73.2  1.0188  74.6  0.0394  5.27  490   5.23 

59  539.7  69.0    9.4  69.4  1.0223  71.0  0.0307  4.32 

60  539.7  71.6   10.1  72.0  1.0227  73.6  0.0318  4.31 

61  539.7  73.9   10.9  74.3  1.0230  76.0  0.0330  4.34  540   4.32 

To  compare  with  the  observed  values  of  the  ratio  I2/E1  as 

given  in  the  above  test  data,  calculations  for  a  number  of  values 

were  made  from  equation  (4)  for  the  condition  that  E2  =  0. 

Under  this  condition,  equation  (3)  becomes 

1 2  —  jXm 


E,      Z^Z2  +  XJ' 
The  expansion  of  this  equation  is  given  by  equation  (4). 
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The  values  of  circuit  constants  used  in  the  calculations  were 
as  follows: 

Li  =  0.1131,         ri  =    50.00,         C,  =  3.7345  X  10-^ 
L2  =  0.5377,         r2  =  200.0,  C2  =  1.0000  X  10-^ 

M  =  0.05830. 

It  is  to  be  noted  that  the  value  of  Ci  used  for  the  compu- 
tation differs  by  40  units  in  the  last  place  from  the  average  value 
found  by  measurement.  This  arises  from  the  fact  that  the 
computations  were  based  on  a  set  of  measurements  made  some 
time  before  the  experimental  work  was  carried  out.  To  check 
the  former  measurements  of  the  constants  of  the  various  pieces 
of  apparatus  a  set  of  measurements  was  made  the  same  day  that 
the  experimental  work  was  done,  with  the  results  as  given  on 
page  181.  The  only  change  that  was  noted  in  more  than  a  month 
was  this  small  change  in  the  capacity  of  the  condenser  Ci.  Since 
the  difference  between  the  value  used  in  the  computations  and 
the  value  used  during  the  actual  test  was  but  one-tenth  of  one 
percent,  it  was  not  deemed  necessary  to  recalculate  the  entire  set. 

As  it  was  thought  that  a  sample  computation  might  prove 
useful,  the  computations  for  the  frequencies  of  100,  200,  300, 
and  400  cycles  per  second  are  given  on  the  following  page. 

Line  (39)  gives  the  complete  result  of  the  computation,  the 
ratio  between  secondary  current  and  primary  voltage  being  left 
in  the  form  of  a  scalar  with  its  angle.  This  form  is  as  con- 
venient as  the  complex. 

From  the  complete  set  of  computations  the  following  values 
for  the  ratio  of  secondary  current  to  primary  voltage  were 
obtained : 
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TABLE  V 
Illustrative  Sheet  of  Computations  from  Equation  (3) 


log  Li  =  9.05346, 
log  U  =  9.73054, 


log  ri  =  1.69897, 
log  Ti  =  2.30103, 


log  Ci  =  4.57223  -  10, 
log  C2  =  4.00000  -  10, 


1 

2 
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4 

5 
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13 

14 
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22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 


log  M  =  8.76567  -  10. 


/ 

log  27r/ 
log  27r/C2 
log  l/27r/C2 
log  2irfL2 

to  sub.  (5  —  4) 
sub  log 
log  X2 
log  tan  02 
log  sin  62 

log  Z2 


2 
6 
3 
2 
0 
9 

-y3 
0 
9 
3 

62  -80 

log  27r/Ci  7 

log  l/27r/Ci  2 

log  27r/Li  1 

to  sub.  0 

sub  log  9 

log  Xi  -  j2 

log  tan  01  0 

log  sin  01  9 

log  Zi  2 

01  '     -81 
log  212:2  5 

e  =  dy  -\-  62   -162 

log  27r/M       1 
log  COS  0 

log  sin  0 
log  2i?2  cos  0 

2  log  27r/M 
to  add  28  +  29 
add  or  sub  log 


log  Dx* 

log  D2 

log  tan  0d 

log  cos  0d 

log  d 

0d 

log  12/61 


9 
9 
5 
3 
2 

9 
5 

-i5 
9 
9 
5 

-162 
5 

\       ' 

(+72 


100 

.79818 

.79818 

.20182 

.52872 

.67310 

.89638 

.09820 

.79717^ 

.99455„ 

.10365 

.936  deg. 

.37041 

.62959 

.85164 

.77795 

.92078 

.55037 

.85140n 

.99574„ 

554B3 

.985  deg. 

.65828 

.921  deg. 

.56385 

.98041,, 

.46789,, 

.63869n 

.12770 

.51099 

.99866 

.63735„ 

.12617 

.48882 

.98029„ 

.65706 

.871  deg. 

.90679 

.8068 

.871  deg. 


200 

3.09921 
7.C9921 
2.90079 

2.82975 
0.07104 
9.24973 

■  .72.07948 

9.77845n 

9.7iieo„ 

2.36788 

-30.981  deg. 

7.67144 

2.32856 

2.15267 

0.17589 

9.69836 

il. 85103 

0.15206n 

9.91247n 

1.93856 

-54.832  deg. 

4.30644 
-85.813  deg. 
1.86488 
8.86339 
9.99884^ 
3.16983 
3.72976 
9.44007 
0.10567 
3.83543 

■  i4.30528 

0.46985„ 

9.50654 

4.32889 

-71.275  deg. 
7.53599 

34.355 

-18.725  deg. 


300 
3.27530 
7.27530 
2.72470 
3.00584 
0.28114 
9.95927 
-f  i2.68397 
0.38294 
9.96564 
2.71833 
+67.508  deg. 
7.84753 
2.15247 
2.32876 
0.17629 
9.69958 
+  il. 85205 
0.15308 
9.91280 
1.93925 
+54.895  deg. 
4.65758 

+  122.403  deg. 
2.04097 
9.72906„ 
9.92650 
4.38664„ 
4.08194 
0.30470 
0.00731 
4.08925„ 
+  i4.5840S 
0.49483;, 
9.48399. 
4.60526 

+  107.745  deg. 
7.43571 
27.271 

-197.745  deg. 


400 
3.40024 
7.40024 
2.59976 
3.13078 
0.53102 
9.84854 
+  i2.97932 
0.67829 
9.99065 
2.98867 
+78.154  deg. 
7.97247 
2.02753 
2.45370 
0.42617 
9.79600 
+  i2. 24970 
0.55073 
9.98346 
2.26624 
+74.285  deg. 
5.25491 

+  152.439  deg. 
2.16591 
9.94769„ 
9.66529 
5.20260n 
4.33182 
0.87078 
9.93719 
5.13979„ 
+  i4.92020 
9.78041„ 
9.93263™ 
5.20716 

+  148.905  deg. 
6.95875 
9.094 

-238.905  deg. 


*  Denominator  of  (4)  represented  by  Di  -{-  JD2  =  df  0d. 
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Figure  4  shows  the  results   of   the   experimental   work   in 
graphical  form.     The  curve  is  plotted  from  the  observed  data, 
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Fig.    4,     Curve  illustrating   computational   and  experimental  results   from 

equation  3. 


values  of  which  are  indicated  by  the  small  circles.     The  computed 
values  are  represented  by  the  double  circles. 

The  completely  satisfactory  character  of  the  observed  data 
is  indicated  by  the  absolute  uniformity  with  which  these  points 
fall  on  the  curve.  From  the  positions  of  the  calculated  points, 
it  is  evident  that  there  exists  somewhere  a  systematic  error. 
Though  the  discrepancies  between  observation  and  computation 
are  small,  the  effect  in  all  cases  appears  as  a  shifting  of  the 
entire  observed  curve  in  the  direction  of  lower  frequencies.  A 
number  of  possible  explanations  may  be  offered  for  this.  First, 
the  reading  of  the  dynamometer  type  meters  may  have  been 
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affected  by  the  stray  magnetic  fields  set  up  in  the  vicinity  of 
the  coils.  It  is  hardly  probable  that  this  would  have  caused  the 
systematic  error  which  appears,  taking  into  consideration  the 
varying  phase  position  of  the  currents  in  the  coils  with  change 
in  frequency.  Second,  the  data  as  originally  taken,  without  a 
correction  apphed  to  the  tachometer  readings,  cause  the  curve 
to  coincide  almost  exactly  with  the  computed  points.  Since  the 
tachometer  was  in  a  different  location  during  the  test  than 
during  its  cahbration,  this  may  account  for  the  discrepancy. 
At  the  500-cycle  point,  the  shifting  of  the  curve  appears  to  be 
approximately  10  cycles.  This  is  identical  with  the  tachometer 
correction  for  this  point.  That  the  error  is  due  to  the  shifting 
of  the  curve  in  a  horizontal  direction  is  apparent  from  the  fact 
that  at  the  maximum  values,  where  the  curve  is  practically 
horizontal,  no  discrepancy  between  computations  and  observa- 
tions appears.  Third,  the  date  of  the  United  States  Bureau  of 
Standards  certification  of  condenser  C2  was  May  26,  1911. 
Since  then,  the  capacity  may  have  changed  slightly.  Also,  the 
assumption  that  the  capacity  decreased  from  1.0054  m.f.  at  slow 
discharge  to  1.0000  m.f.  for  frequencies  above  100  cycles  per 
second  may  have  been  slightly  in  error.  Any  error  in  the  deter- 
mination of  this  capacity  value  would  affect  the  measured  values 
of  all  the  apparatus,  sfnce  this  condenser  was  used  as  a  basis  of 
comparison  as  mentioned  on  page  181.  Two  computations  were 
carried  through  on  the  assumption  that  its  value  had  remained 
constant  at  1.0054  m.f.,  the  constants  of  all  other  apparatus 
being  corrected  to  values  which  this  figure  would  have  given,  and 
the  results  of  the  calculations,  which  were  made  for  the  fre- 
quencies of  300  and  400  cycles  per  second,  show  that  the  com- 
puted points  fall  almost  exactly  on  the  observed  curve. 

By  the  developments  indicated  in  and  preceding  equation  (8), 
it  might  be  thought  that  two  maxima  should  appear  in  the 
curve,  figure  4.  This  would  be  the  case  if  the  resistances  in- 
volved were  much  smaller.  As  it  is,  the  two  maxima,  which 
even  with  zero  resistances  would  be  at  frequencies  not  widely 
separated,  are  smoothed  out  by  the  effect  of  the  resistance 
present  and  merge  into  one.  For  the  inductances  and  capacities 
used,  equation  (8)  gives  267.7  and  204.4  cycles  per  second  as  the 
two  frequencies  at  which,  by  equation  (5),  infinite  secondary 
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current  would  result  if  the  resistances  were  zero.  As  the  re- 
sistances assume  finite  valises,  these  values  of  frequency  for 
maxima  approach  each  other,  and  for  continually  increasing 
values  of  resistance,  the  phenomenon  becomes  as  observed  in 
this  experiment. 

A  question  might  be  raised  regarding  the  purity  of  the  wave- 
form used.  For  portions  of  the  curve  beyond  the  frequency  of 
200  cycles,  this  is  a  matter  of  small  moment.  The  next  higher 
frequency  possible,  the  third  harmonic  with  a  frequency  of  600 
cycles,  extends  well  into  the  low  portion  of  the  curve.  Suppose 
that  at  the  200-cycle  point  there  had  been  present  a  third  har- 
monic in  the  voltage  of  five  percent  of  the  fundamental.  For 
100  volts  fundamental,  the  five  volts  of  the  third  harmonic 
would  have  caused  an  increase  in  the  voltmeter  indication  from 
100  volts  to  100.125  volts.  The  secondary  current  at  200  cycles 
and  100  volts  primary  would  be,  from  the  curve,  0.364  amp. 
For  5  volts  primary  at  600  cycles  the  secondary  current  would 
be  0.00175  amp.  The  resulting  effective  current  would  be 
0.3640042  amp.  The  ratio  of  0.3640042  :  100.125  is  not,  within 
the  accuracy  of  measurement,  different  from  0.364  :  100.  Further, 
the  generator  wave  was  tested  by  an  oscillograph  and  found  to 
be  completely  satisfactory,  no  harmonics  approaching  5  percent 
in  value  being  observed. 

The  net  result  of  this  work  is  in  every  way  satisfactory.  No 
claim  is  made  to  a  work  of  the  utmost  precision,  for  to  do  this 
would  have  involved  a  great  increase  in  the  labor  of  experi- 
mentation, while  the  results,  as  a  confirmation  of  equation  (3), 
would  have  been  no  more  conclusive. 

It  must  be  noted  that  in  this  experiment  only  the  absolute 
magnitude  of  current  involved  has  been  checked,  and  that  only 
for  the  case  of  one  voltage  present.  That  the  case  of  two 
voltages  does  not  require  verification  is  evident  from  the  fact 
that  in  equation  (3)  the  two  expressions  for  the  currents  are 
exactly  symmetrical. 

The  next  experimental  work  is  intended  to  serve  as  a  check 
on  the  phase  positions  of  the  resulting  currents.  This  is  done 
by  measuring  the  components  of  the  resulting  impedance  of 
such  a  coupled  circuit.  If  both  components  of  the  impedance 
as  measured  agree  with  the  values  as  derived  by  computations 


192  University  of  California  Publications.      [Engineering 

from  the  known  circuit  constants,  the  phase  angle  between  pri- 
mary voltage  and  current  is  subjected  to  verification.  Not 
only  this,  but  the  expressions  for  secondary  current  are  also 
verified,  since  the  resulting  impedance  of  the  primary  depends 
on  both  the  magnitude  and  phase  position  of  the  secondary 
current. 

This  method  of  verification  is  appUcable  to  both  pure  electro- 
magnetically  coupled  and  directly  coupled  circuits. 

Experiment  B 

Verification  of  Formula  (12)  for  the  Effective  Impedance  of  Primary 

Circuit 

This  experiment  is  a  direct  verification  of  equation  (12)  as 
expanded  in  (12a). 

The  circuit  arrangement  was  identical  with  that  of  figure  1, 
with  the  exception  that  the  electromotive  force  E^  was  absent, 
the  secondary  being  short-circuited.  The  terminals  taken  to 
the  bridge  used  in  measuring  the  impedances  were  those  indi- 
cated by  the  position  of  Ei.  The  impedance  was  measured  for 
different  frequencies. 

In  order  that  the  computations  be  made  comparable  with  the 
measurements,  it  is  evident  that  the  computations  must  be  based 
on  the  circuit  constants  obtaining  at  that  particular  frequency 
for  which  the  computation  is  made.  The  various  portions  of  the 
circuit  were  thus  measured  independently  at  different  fre- 
quencies, the  relative  positions  of  the  parts  being  maintained  the 
same  as  in  the  complete  test.  This  maintenance  of  position 
was  expected  to  throw  into  the  measurements  of  the  constants 
any  outstanding  errors  which  might  otherwise  arise  because  of 
currents  induced  in  adjacent  metal  parts.  The  results  of  these 
preliminary  measurements  were  plotted  on  curves  from  which 
the  following  data  were  taken. 

Ri  =  effective  resistance   of  primary   inductance   coil  plus   the   externally 

added  resistance, 
R2  =  effective  resistance  of  secondary  inductance  coil  plus  its  externally 

added  resistance, 
Ri    =  effective  resistance  of  condenser  Ci, 
R2'  =  effective  resistance  of  condenser  C2, 

n  =  Ri+  RV,        r2  =  R-Z+  Ri, 
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In  the  following  table  no  tabulation  of  the  values  of  self  and 
mutual  inductance  for  different  frequencies  is  made.  This  is 
because  the  change  noted  in  these  quantities  with  a  change  in 
frequency  was  too  small  to  be  considered  accurate  in  its  deter- 
mination. Comparisons  were  made  with  the  mica  condenser 
mentioned  in  Experiment  A. 

TABLE  VI 

Results  of  Measurements  of  Coils  and  Condensers 


L:  = 

0.11313, 

L2  = 

0.46652,         M 

=  0.05903 
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0.99934 
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520.5 
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521.6 
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134.51 

521,5 

1.06 

0.8 

3.6498 

135.57 

0.99908 

522.3 

240 

134.62 

522.5 

0.87 

0.6 

3.6476 

135.49 

0.99899 

523.1 

280 

134.75 

523.7 

0.73 

0.5 

3.6458 

135.48 

0.99890 

524.2 

320 

134.89 

525.0 

0.64 

0.4 

3.6444 

135.53 

0.99884 

525.4 

360 

135.04 

526.4 

0.58 

0.3 

3.6432 

135.62 

0.99878 

526.7 

400 

135.19 

527.8 

0.53 

0.3 

3.6421 

135.72 

0.99873 

528.1 

450 

135.38 

•  529.8 

0.48 

0.3 

3.6408 

135.86 

0.99867 

530.1 

500 

135.58 

531.8 

0.45 

0.2 

3.6397 

136.03 

0.99862 

532.0 

550 

135.77 

533.9 

0.42 

0.2 

3.6386 

136.19 

0.99857 

534.1 

Using  the  values  given  in  Table  VI  in  connection  with  equa- 
tion (12)  or  (12a)  the  calculated  values  of  primary  impedance, 
Z'  =  r'  -\-  jX' ,  are  as  below. 


TABLE   VII 

Results  of  Computations  for 

Primary  Impedance 

/ 

Z'  =  r'+jX' 

L'    ^' 

0 

?       -3     ? 

—       ? 

100 

136.44  -i363.24 

-  0.57812 

150 

138.22  -  yi80.96 

-  0.19195 

200 

144.64  -j  72.21 

-  0.05746 

240 

150.56  -  j  12.35 

-  0.00819 

280 

152.21  +y  35.08 

+  0.01994 

320 

151.30  +i  77.78 

+  0.03868 

360 

150.02  +J117.80 

+  0.05208 

400 

148.97  +J155.66 

+  0.06193 

450 

148.05  +^200.53 

+  0.07092 

500 

147.49  +  i243.26 

+  0.07743 

550 

147.13  +^284.33 

+  0.08228 
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The  last  column  in  the  above  table,  X' l2Trf,  is  the  equivalent 
self-inductance,  and  has  been  tabulated  to  facilitate  comparison 
of  the  computed  values  with  the  bridge  measurements. 

By  equation  (136)  the  curve  representing  U  as  a  function 
of  the  frequency,  /,  is  asymptotic  to  the  line,  y  =  0.10565. 

To  compare  with  the  above  calculated  values,  actual  measure- 
ments were  made  on  the  circuit  in  question  by  means  of  an  alter- 
nating current  bridge.  The  diagram  of  bridge  connections  will 
be  illustrated  later  in  connection  with  the  testing  of  directly 
coupled  circuits.  To  lessen  the  labor  of  experimentation,  a 
number  of  these  impedance  measurements  were  made  at  once, 
the  generator  frequency  remaining  approximately  constant  for 
each  series.  Change  from  one  circuit  scheme  to  the  other  was 
effected  by  a  suitable  arrangement  of  switches. 

Figures  6  and  7  illustrate  the  bridge  and  circuit  arrangements. 
(Seepage  199). 

With  the  bridge  set  for  the  measurement  of  an  inductive  im- 
pedance, the  following  values  were  obtained  at  a  condition  of 
balance  in  the  bridge. 

All  values  are  corrected. 

TABLE  VIII 
Results  of  Impedan«e  Measurements  on  E.M.  Coupled  Circuits 

Bridge  Settings  Results 


/ 

Ri 

R2 

Co 

^ 

R 

L' 

r' 

511 

500.0 

524.9 

0.3014 

1790 

+  0.07911 

146.6 

430 

500.0 

504.4 

0.2717 

1707 

0.06853 

147.8 

372 

500.0 

621.3 

0.1808 

2082 

0.05617 

149.2 

315 

500.0 

535.4 

0.1410 

1770 

0.03775 

151.3 

259  500.0  755.4  0.0220  2485  0.00831  152.0 

Figure  5  shows  the  results  in  form  for  comparison. 

The  curves  give  the  values  of  L'  and  r' .  The  small  circles 
through  which  the  curves  are  drawn  were  derived  from  compu- 
tation as  given  in  Table  VII.  The  points  indicated  by  the 
double  circles  are  the  observed  values  from  Table  VIII. 

Commenting  on  the  results  as  shown  by  the  curves,  slight 
discrepancies  are  to  be  noted,  though  the  general  agreement  of 
observations  and  computations  is  entirely  satisfactory. 

With  regard  to  the  curve  representing  the  equivalent  self- 
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inductance  such  discrepancies  as  are  to  be  noted  are  probably 
due  entirely  to  the  tachometer  used  in  the  determination  of 
frequencies,  since  all  other  measurements  could  easily  be  made 
to  a  degree  of  accuracy  beyond  the  possibility  of  detection  on  a 
curve  which  of  necessity  covers  such  a  large  range  of  values. 
In  this  curve,  as  well  as  in  figure  4,  it  is  evident  that  the  indi- 
cations of  the  tachometer  are  low,  that  is,  all  experimental 
points  fall  to  the  left  of  the  computed  ones.  As  the  discrepancies 
here  are  very  small,  it  will  be  assumed  that  the  differences  are 
due  entirely  to  this  factor. 

With  regard  to  the  effective  resistance,  however,  a  different 
situation  exists.  Since  this  curve  is  quite  flat,  the  small  errors 
assumed  to  exist  in  the  frequency  determinations  could  not 
account  for  the  differences  noted.  Another  explanation,  quite 
different,  is  offered.  The  computed  curve  is  based  on  the- 
effective  resistances  of  each  piece  of  apparatus  measured  separ- 
ately, and  the  assumption  that  these  values  will  continue  to- 
hold  true  when  all  the  parts  are  in  simultaneous  operation.. 
Though  this  was  the  only  feasible  procedure  to  follow,  it  is  at 
variance  with  the  actual  physical  facts.  To  illustrate:  In  the 
measurement  of  the  inductance  coils,  at  a  frequency  of  500 
cycles  the  following  results  were  obtained: 

Ri  =  eff.  res.  of  inductance  coil  No.  1  =  135.58  ohms, 

R2  =  eff.  res.  of  inductance  coil  No.  2  =  531.8  ohms, 

R3  =  eff.    res.    of   inductances   when    connected   in   series    and 

aiding  (so  that  L  =  Li  +  L2  +  2M)  =  671.7  ohms, 
R4  —  eff.  res.  of  inductances  when  connected  in  series  and  op- 
posing (so  that  L  =  Li  +  L2  -  2M)  =  663.1  ohms. 

From  these  values  it  is  seen  that  at  this  frequency  the  effective 
resistance  of  the  two  coils  in  series  is  not  equal  to  the  sums  of 
the  individual  resistances,  and  further,  it  is  greater  when  the 
coils  are  connected  so  that  a  more  intense  magnetic  field  is 
created  for  a  given  current  than  when  connected  in  the  reverse 
manner.  The  average  of  the  resistance  values  obtained  when 
aiding  and  opposing  is  667.4  ohms,  which  in  this  case  is  identical 
with  the  sum  of  the  resistances  obtained  separately.  Since  the 
change  in  resistance  of  a  conductor  due  to  a  change  in  frequency 
is  dependent  on  the  strength  of  magnetic  field  set  up,  the  result 
noted  above  is  explained. 
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To  apply  these  considerations  to  the  question  of  the  differ- 
ences between  calculated  and  observed  resistances  in  figure  5, 
reference  is  made  to  formula   (16),   expressing  the  secondary 
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Fig.  5.     Curve    showing    resulting    impedance    of    electromagnetically 

coupled  circuit. 

current  in  terms  of  the  primary  current.  It  is  to  be  noticed 
that  as  long  as  the  resulting  impedance  of  the  secondary  circuit 
is  inductive,  the  secondary  current  will  contain  a  component  in 
direct  opposition  to  the  primary  current,  as  well  as  a  component 
in  quadrature,  the  two  components  depending  on  the  resistance 
and  reactance  of  the  secondary.     When,  due  to  resonance  in 
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the  secondary  circuit,  its  effective  Impedance  becomes  noti- 
inductive,  the  current  in  the  secondary  is  in  exact  quadrature  with 
that  in  the  primary.  When  the  resulting  impedance  of  the  sec- 
ondary is  of  the  nature  of  a  capacity  reactance,  the  current  in  the 
secondary  will  contain  a  component  in  phase  with  the  primary 
current.  These  three  conditions  will  occur  in  order  as  the 
frequency  is  decreased,  when  the  secondary  system  contains  a 
series  capacity  such  as  was  used  in  the  test  in  question.  The 
resulting  magnetic  field  being  dependent  on  the  sum  of  the 
magnetomotive  forces  of  the  two  coils,  as  the  frequency  is 
decreased  the  resulting  magnetomotive  force  set  up  by  the  two 
currents  is  a  variable  quantity.  At  the  higher  frequencies,  on 
account  of  the  preponderance  of  the  inductive  reactance  of  the 
secondary  over  the  condensive  reactance,  the  resulting  magneto- 
motive force  will  be  less  than  the  arithmetical  sum  of  the  separate 
forces.  Therefore  the  resistance  will  be  smaller  than  would  be 
derived  as  a  sum  or  function  of  the  resistances  taken  separately. 
This  is  as  noted  on  the  curve,  the  observed  values  of  resistance 
being  lower  than  the  computed  ones.  As  the  frequency  de- 
creases and  the  secondary  impedance  approaches  its  value  at 
resonance,  a  point  will  be  reached  when  the  vector  sum  of  the 
magnetomotive  forces  will  be  equal  in  magnitude  to  that  of 
the  primary  current.  At  this  point,  the  effective  resistance 
should  be  approximately  equal  to  the  value  derived  for  the  coils 
when  considered  separately.  Since  this  condition  takes  place 
at  a  frequency  slightly  greater  than  that  obtaining  at  a  resonance 
condition,  it  should  be  expected  that  the  observed  curve  would 
cross  the  computed  curve  at  a  point  corresponding  to  a  frequency 
greater  than  the  resonance  frequency  of  the  secondary.  At 
still  lower  frequencies,  on  account  of  the  preponderance  of  the 
capacity  reactance  and  the  corresponding  component  of  second- 
ary current  in  phase  with  the  primary  current,  there  exists  a 
stronger  magnetic  field  as  a  resultant,  and  therefore  it  is  to  be 
expected  that  the  measured  effective  resistance  would  be  higher 
than  the  computed  value.  All  of  these  conditions  as  assumed 
are  verified  by  the  results  shown.  The  resonance-frequency  of 
the  secondary  system  was  233  cycles  per  second,  and  it  will  be 
noted  that  the  curve  passed  through  the  observed  points  would 
intersect  the  computed  curve  in  the  neighborhood  of  280  cycles, 
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the  observed  resistance  being  higher  than  the  computed  at  low 
frequencies,  and  lower  at  frequencies  above  this  value.  There- 
fore, the  discrepancies  no  longer  appear  as  unexplained  differ- 
ences, but  as  the  naturally  expected  result.  The  presence  of  a 
small  amount  of  iron  in  the  neighborhood  of  the  coils  further 
accentuates  these  differences. 

To  obtain  results  free  from  the  effect  noted  above  it  would  be 
necessary  to  construct  single-layer  coils  with  wire  of  small 
diameter  and  of  material  having  a  relatively  high  specific  re- 
sistance compared  with  copper.  In  this  case  the  change  of  re- 
sistance with  frequency  would  be  sufficiently  small  to  be  negli- 
gible. 

In  the  light  of  the  above  discussion,  the  results  of  this  work 
as  a  verification  of  the  equations  (12)  and  (12a)  appear  to  be 
entirely  satisfactory. 

Concerning  details  of  the  experim^ental  work  little  is  to  be 
said  except  to  comment  upon  the  difficulty  encountered  in  ob- 
taining a  balance  in  the  bridge.  Since  a  telephone  receiver  was 
used  as  a  detector  of  currents  in  the  galvanometer  circuit,  it  is 
obvious  that  since  a  balance  with  such  a  circuit  as  an  unknown 
can  be  obtained  at  only  one  frequency,  any  higher  harmonics 
present  in  the  E.M.F.  wave  will  appear  in  the  receiver  as  an 
extraneous  noise,  so*  that  in  selecting  the  point  of  balance,  care 
must  be  exercised  that  this  point  is  selected  for  the  fundamental 
frequency  only,  irrespective  of  what  disturbances  may  be  present 
due  to  higher  harmonics.  It  is  to  be  noted  that  in  the  measure- 
ment of  a  simple  circuit,  this  difficulty  does  not  appear,  the 
point  of  balance  for  the  bridge  arrangement  used  being  sensibly 
independent  of  the  frequency.  To  overcome  the  difficulty  in 
the  case  in  question,  either  a  vibration  galvanometer  or  a  tuned 
receiver  might  have  been  used.  By  using  care,  however,  the 
above  points  of  balance  were  satisfactorily  obtained  with  an 
ordinary  receiver. 

Experiment  C 

Impedance  of  Directly  Coupled  Circuits 

This  experiment  consists  in  the  measurement  of  primary 
impedances  for  a  directly  coupled  circuit  in  the  same  manner  as 
in    Experiment    B    for    a    purely    electromagnetically    coupled 
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circuit.  The  circuit  connection  used  was  that  illustrated  in 
figure  2,  with  the  exception  that  the  secondary  was  short- 
circuited  instead  of  having  the  electromotive  force  E2  present. 


(^) 


9 


R, 


S  Rz 


(6) 


L  * 


R.R2 
R 

RiRz  ^c 


R 


— vvwv 


Rec* 


vwv 


Fig.  6.     Impedance  bridge. 

As  the  experimental  work  for  the  directly  coupled  circuits 
was  done  simultaneously  with  that  for  the  pure  electromagnetic 
coupling,  ifc  was  necessary  to  provide  a  suitable  arrangement  of 
switches  to  permit  a  ready  transfer  from  one  circuit  scheme  to 
the  other.  Also,  it  was  necessary  to  provide  means  for  a  quick 
change  of  bridge  connections,  from  an  arrangement  for  the 
measurement  of  condensive  reactance  to  an  arrangement  for  the 
measurement  of  inductive  reactance,  and  vice  versa. 

Figure  6  illustrates  the  bridge  connections  used,  and  figure  7 
the  manner  in  which  the  test  circuits  were  arranged. 
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In  figure  6a  are  the  circuit  connections  for  the  measurement 
of  a  condensive  reactance.     The  bridge  measurement  gives  the 


(a) 


(b) 


(c) 


Fig.  7.     Circuit   arrangement  for  measurement  of  impedance  of  both 
purely  electromagnetically  and  directly  coupled^circuits. 


conductance  and  the  capacity  of  the  unknown;  the  impedance  is 
given  by  the  expression 

1 


Z  = 


g+flirfC 
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In  figure  66  are  the  circuit  connections  for  the  measurement 
of  an  inductive  reactance.  In  this  case  the  measurement  gives 
directly  the  two  components  entering  into  the  impedance;  and 
Z  =  r+  j2TrfL. 

The  lower  diagram  in  figure  6  shows  the  manner  in  which 
the  bridge  was  connected  to  permit  of  either  connection.  The 
unknown  is  at  X. 

Figure  7  gives  the  connections  used  in  the  test  circuit.  Figure 
la  is  the  arrangement  shown  schematically  for  the  measurement 
of  impedances  of  the  purely  electromagnetically  coupled  circuit. 
The  terminals  marked  B  are  those  connected  with  the  bridge. 
76  is  the  schematic  arrangement  for  the  impedance  measurement 
of  the  directly  coupled  circuit  in  which  the  coils  are  connected 
as  aiding.  7c  is  the  connection  for  the  same  case  when  the  coils 
are  in  opposition. 

The  lower  figure  gives  the  switch  connections  for  transfer 
from  one  scheme  to  the  other.  With  the  switch  Si  closed  and 
the  switch  ^^2  open,  the  scheme  a  is  obtained;  with  the  switch  Si 
open  and  S2  closed  in  the  upward  position  in  the  diagram,  the 
scheme  6  is  operative.  To  obtain  the  scheme  c.  Si  is  opened 
and  S2  closed  in  the  lower  position  in  the  diagram. 

In  7a  the  resistance  designated  as  r^  is  equal  to  the  sum  of 
r2  and  rz  as  indicated  in  76  or  7c. 

The  system  of  switches  and  wiring,  employed  in  these  arrange- 
ments for  the  measurement  of  inductances  and  capacities,  will 
undoubtedly  alter  to  a  small  extent  the  quantities  involved. 
Since  all  of  the  inductances  and  capacities  used  in  the  coupled 
circuit  are  comparatively  large  in  magnitude,  it  was  thought 
that  the  error  introduced  by  the  system  of  wiring  would  be 
inappreciable. 

Expressions  for  Effective  Primary  Impedance 

Since  a  measurement  of  impedance  is  involved,  it  becomes 
necessary  to  put  equation  (28)  in  such  form  to  give  the  resulting 
primary  impedance  when  the  electromotive  force  E2  is  absent. 

^,       El      Z2{Zi  +  Z3  zfc  2jXm)  +  ZiZ,  +  XJ 

^  -  ir  Z2  +  Z,  '    ^^^^ 

Referring  to  the  schematic  diagram,  Figure  76  or  7c, 
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ri  =  effective  resistance  of  Ci  +  effective  resistance  of  inductance 

Li  +  the  externally  added  resistance, 
7-2  =  eff.  res.  of  C2  +  externally  added  resistance, 
ra  =  eff.  res.  of  inductance  L^  +  externally  added  resistance. 

In  the  measurement  of  the  constants  of  the  separate  portions 
of  the  circuit  it  was  noted,  as  previously  mentioned,  that  the 
effective  resistance  of  the  two  inductances  in  series  differed  from 
the  sum  of  the  individual  effective  resistances.  In  making 
computations  for  this  case,  therefore,  the  question  arises  as  to 
which  values  of  coil  resistance  should  be  used. 

In  the  numerator  of  (35),  the  expression 

is  equal  to 

1 

Zo  =  ri-\-  rz  -\-  jcoLo  —  j  -77  =  r^  +  jXo, 

COU  1 

in  which 

Lo  =  Li  +  L3  =b  2M. 

This  expression  for  Zo  represents  the  impedance  of  the  two 
coils  and  the  primary  condenser  when  connected  in  series,  and 
for  the  resistance  factor  entering  as  one  of  its  components,  it  is 
only  reasonable  to  use  the  value  obtained  by  direct  measurement. 
ro  then  indues  the  effective  resistance  of  the  condenser  Ci  which 
is  given  in  Table  VI  as  Ri.  If  Ro  represents  the  measured 
effective  resistance  of  the  two  coils  when  connected  in  series, 
then  ro  =  Ro  +  R\ - 

In  the  remaining  terms  of  (35)  there  must  be  used  the  effective 
resistances  as  separately  determined,  since  no  other  combination 
of  similar  physical  significance  was  observed. 

The  resulting  form  of  equation  (35)  is 

V    -   ^2^0  +  ZiZz   +   XJ 

Variation  of  Coil  Resistance  with  Frequency 

To  determine  the  values  of  Ro  four  measurements  were 
available.  Since  there  appear  to  be  small  errors  in  the  deter- 
minations for  the  case  in  which  the  coils  were  opposing  each 
other,  it  was  deemed  advisable  to  reduce  the  measurements  by  a 
least  square  method,  since  no  one  point  was  sufficiently  in  error 
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to  warrant  discarding  it.  The  measurements  for  the  individual 
coils  as  well  as  for  the  case  of  series  connection  aiding  were 
sufficiently  well  in  agreement  among  themselves  not  to  require 
such  a  reduction. 

Since  the  first  term  in  the  series  giving  the  increase  in  effective 
resistance  over  the  direct  current  resistance  is  proportional  to 
the  square  of  the  frequency,^^  assume  as  a  form  of  equation  con- 
necting the  resistance  with  the  frequency, 

Ro  =  A  +  Bp. 

In  this  equation  A  is  the  value  of  the  direct  current  resistance, 
and  since  its  determination  was  accurate,  there  is  no  need  of 
taking  it  as  one  of  the  unknown  quantities  to  be  determined  by 
the  least  square  method. 

Let  RJ  represent  the  effective  resistance  Ro  when  the  coils 
are  aiding. 

Let  Ro"  =  effective  resistance  Ro  when  the  coils  are  opposing. 

Let  u  =  BP  =  Ro"  -  A. 

Following  are  the  data  for  the  determinations  of  effective 
resistance. 


/ 

Ho' 

Eo" 

u  =  Ro"  -  A 

0 

403.2 

403.2 

0 

250 

408.6 

405.1 

1.9 

384 

415.0 

410.0 

6.8 

A 

=  403.2 

500 

421.5 

412.9 

9.7 

Setting  up  normal  equations^"*  we  have  for  the  determination 
of  the  unknown  coefficient  B 

i:{pu)  =  5(2/^), 

from  which  as  a  result,  B  =  0.0000402. 

Ro"  =  403.2  +  0.0000402/2.  (37) 

Values  of  Ro'  for  different  frequencies  are  taken  from  the 
curve  plotted  according  to  the  above  data. 

The  resistance  r^  is  equal  to  the  resistance  R2  as  given  in 
Table  VI  minus  250.2  ohms. 

^2  Louis  Cohen,  Bulletin  Bureau  of  Standards,  vol.  4,  no.  1. 
"  Steinmetz,  Engineering  Mathematics,  p.  179. 


204  University  of  California  Publications.      [Engineering 

Using  equation  (37)  together  with  the  data  given  in  Table  VI 

the  values  of  circuit  constants  given  below  in  Table  IX  are 

obtained. 

TABLE  IX 

Circuit  Constants  for  Directly  Coupled  Circuit 


U 

=  0.11313; 

.    L 

3  =  0.46652, 

M  = 

--  0.05903, 

U  =  L 

n+U-\-2M  = 

■  0.69771, 

U"  =  . 

L,  +  L 

,3  -  2M  =  0.46159. 

f 

Rq 

Ri' 

i?o" 

R2' 

'•0' 

'•0" 

r\ 

r-2 

rz 

Ci 

C2 

0 

403.2 

? 

403.2 

? 

? 

? 

? 

? 

268.9 

100 

404.2 

1.73 

403.6 

1.5 

405.9 

405.1 

136.07 

251.7 

269.5 

3.6568 

0.99934 

150 

405.2 

1.37 

404.1 

1.1 

406.6 

405.2 

135.77 

251.3 

270.3 

3.6531 

0.99920 

200 

406.7 

1.06 

404.8 

0.8 

407.8 

405.6 

135.57 

251.0 

271.3 

3.6498 

0.99908 

240 

408.2 

0.87 

405.5 

0.6 

409.1 

406.1 

135.49 

250.8 

272.3 

3.6476 

0.99899 

280 

409.9 

0.73 

406.3 

0.5 

410.6 

406.8 

135.48 

250.7 

273.5 

3.6458 

0.99890 

320 

411.7 

0.64 

407.3 

0.4 

412.3 

407.7 

135.53 

250.6 

274.8 

3.6444 

0.99884 

360 

413.8 

0.58 

408.4 

0.3 

4.UA 

408.7 

135.62 

250.5 

276.2 

3.6432 

0.99878 

400 

416.4 

0.53 

409.6 

0.3 

416.9 

409.9 

135.72 

250.5 

277.6 

3.6421 

0.99873 

450 

418.6 

0.48 

411.3 

0.3 

419.1 

411.6 

135.86 

250.5 

279.6 

3.6408 

0.99867 

500 

421.5 

0.45 

413.2 

0.2 

421.9 

413.4 

136.03 

250.4 

281.6 

3.6397 

0.99862 

550 

424.4 

0.42 

415.3 

0.2 

424.8 

415.5 

136.19 

250.4 

283.7 

3.6386 

0.99857 

Remembering  that  in  equation  (36)  Zo  is  represented  by  ZJ 
when  the  coils  are  connected  aiding,  and  by  ZJ'  when  the  coils 
are  opposing,  the  above  numerical  values  can  be  substituted 
directly  in  this  equation  to  obtain  the  value  of  the  resulting 
impedance  of  the  primary. 

Substituting  ZJ  the  following  results  were  obtained  for  the 
case  in  which  the  coils  are  connected  aiding: 

TABLE  X 

Resulting  Primary  Impedance  of  Directly  Coupled  Circuit 

Aiding 

Computed  Values 
/  Z' 

0 

100  533.6 -i  20.1 

150  795.8 +i317.6 

200  1242.8  +i307.8 

240  1398.6  -  j  35.6 

280  1241.7-^294.9 

320  1032.8  -  J364.0 

360  873.8  -  i329.4 

400  769.0  -  i268.5 

450  684.9  -  J184.8 

500  630.8  -  il05.4 

550  594.3  -  3  32.5 
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To  compare  with  the  above  table  of  computed  values,  the 
observations  recorded  in  the  following  table  were  made. 

TABLE   XI 

Measurement  of  Primary  Impedance   of  Directly  Coupled   Circuit 

Bridge  Setting,  Figure  6a 


Corrected  Values 

f 

510.4 

427.4 

370.0 

314.8 

.  259.2 

Ri 

500.04 

500.04 

500.04 

500.04 

500.04 

R2 

632.4 

1583.5 

1657.5 

513.4 

547.4 

R 

495.1 

244.1 

284.1 

1133.2 

1240.2 

Co 

0.0811 

0.4512 

0.5512 

0.1511 

0.0701 

log^ 

7.20333 

7.11182 

7.02609 

6.93424 

6.86722 

log  6 

6.31313 

6.58277 

6.58725 

6.46402 

6.01824 

log  y 

7.20690 

7.13003 

7.05311 

6.95782 

6.87153 

r' 

615.9 

710.8 

831.5 

1044. 

1331. 

X' 

-  79.3 

-  210.2 

-  302.7 

-  353.5 

-  188.4 

The  results  given  in  Tables  X  and  XI  are  shown  graphically 
by  figure  8.  The  small  circles  through  which  the  curves  are 
drawn  represent  the  computed  values.  The  observed  values 
are  represented  by  the  larger  double  circles. 

The  agreement  between  the  calculated  and  observed  values 
is  fairly  satisfactory,  particularly  when  the  undoubted  in- 
accuracy of  the  frequency  determinations  is  considered.  Since 
the  bridge  settings  could  be  made  with  an  accuracy  of  one 
quarter  of  one  percent,  there  can  be  no  question  but  that  the 
error  arises  from  the  inaccuracy  of  the  tachometer.  As  before 
stated,  the  tachometer  had  been  carefully  calibrated,  using  a 
chronograph,  but  the  calibration  evidently  is  not  constant. 
The  apparent  error  in  the  frequency  determination  is  from  zero 
to  six  or  eight  cycles  per  second,  about  one  percent,  so  it  was 
not  deemed  advisable  to  carry  through  another  set  of  experiments. 

It  is  interesting  to  note  that  the  reactance  curve  has  three 
intersections  with  the  frequency  axis.  Referring  to  the  com- 
ments on  page  169  and  following,  it  appears  that  if  the  circuit 
possessed  no  resistance  there  would  be  three  oscillation-fre- 
quencies possible.  This  would  be  true  on  the  assumption  that 
there  would  still  be  three  intersections  if  the  resistance  were 
absent.     Such  however  is  not  the  case.     If  the  values  of  the 
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impedances  which  would  obtain  in  the  case  where  the  resistance 
is  absent  be  substituted  in  equation  (36),  it  will  be  noticed  that 


^0 


300 


Zoo 


~2oo 


Fig.  8.     Resulting  primary  impedance  of  directly  coupled  circuit  with 
coils  aiding.     Arrangement  according  to  figure  76. 

there  is  a  point  at  which  the  effective  impedance  will  reach  an 
infinite  value,  for  the  circuit  arrangement  shown  in  figure  76.  At 
this  point  the  reactance  will  reverse  sign  through  infinity.    Since  in 
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the  case  in  question  the  resistance  is  actually  present  this  ''pure" 
phenomenon  of  sign  reversal  through  infinity  does  not  take  place, 
the  reactance  curve  turning  over  abruptly  at  about  175  cycles 
and  falling  rapidly,  passing  through  zero  at  approximately  235 
cycles  and  reaching  its  maximum  again  at  320  cycles.  From 
this  point  the  numerical  value  of  the  reactance  decreases  rather 
uniformly,  finally  passing  through  zero  at  575  cycles.  Beyond 
this  point  there  would  be  no  more  intersections  of  the  reactance 
curve  with  the  axis  of  frequency. 

The  most  interesting  point  to  consider  is  the  one  at  235  cycles. 
This  is  approximately  the  point  at  which  current  resonance  in 
the  parallel  circuit  formed  by  (2)  and  (3)  would  take  place. 
At  this  same  frequency  an  abnormal  increase  in  the  effective 
resistance  occurs.  Considering  the  simple  case  in  which  the 
resistances  are  supposed  to  be  zero,  the  reactance  curve  would 
reverse  sign  through  infinity  at  this  frequency.  The  curve  repre- 
senting the  effective  resistance  would  everywhere  be  zero,  except, 
perhaps,  at  the  frequency  corresponding  to  the  point  where  the 
reactance  curve  reverses  sign  through  infinity.  At  this  point, 
although  the  numerical  value  of  the  effective  impedance,  z\ 
must  be  of  infinite  value,  the  separate  values  of  r'  and  x'  which 
go  to  make  up  the  resulting  impedance  are  indeterminate;  the 
only  necessary  relation  being  (z^y  =  (r')^  +  (x'y  =  infinity. 
With  continuously  decreasing  values  for  the  separate  resistances, 
the  peak  in  the  effective  resistance  curve  at  this  particular 
frequency  becomes  more  and  more  accentuated.  At  the  same 
time  the  maxima  in  the  reactance  curve  would  become  greater 
numerically  and  occur  at  less  widely  separated  values  of  frequency. 

The  expansion  of  equation  (36)  for  the  case  of  zero  resistance 
gives  • 


Z'  = 


(-^"cok)  (^'-^^-^'ak)  +  (-^'i.  +^'-^0  (^■-^^)+-^^^ 


JC0L3  -  j 


c, 


which  simplifies  by 


C0U2 


.,    1  ^-(^.^3-M^)-.^(|+§;)+^^ 


ix)^  1 

—  C0L3  + 


C0C2 
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In  order  that  the  impedance  Z'  be  made  infinite,  the  de- 
nominator is  placed  equal  to  zero.     This  gives  the  condition 

1 

^2 

JL/3C  2 

which  is  that  for  current  resonance  in  the  circuits  (2)  and  (3) 
as  mentioned  previously,  and  which  is  indicated  on  the  reactance 
curve  by  the  intersection  at  /  =  235.  Computing  the  value 
of  /  by  the  above  formula,  /  =  234  cycles  is  determined  as  the 
point  at  which  maximum  impedance  would  be  reached  if  the 
resistance  were  absent. 

In  order  that  the  resulting  impedance  Z'  be  made  zero,  the 
numerator  in  the  above  expression  is  placed  equal  to  zero,  and 
thereby  the  quadratic  in  w^  results  from  which  to  determine  the 
two  frequencies  at  which  a  free  oscillation  would  take  place. 
These  two  values  would  correspond  to  the  frequencies  indicated 
by  the  first  and  third  intersection  of  the  reactance  curve  with  the 
zero  axis.  The  free  frequencies  determined  by  these  inter- 
sections would  not,  however,  correspond  exactly  to  those  derived 
by  the  solution  of  the  above  equation,  on  account  of  the  effect 
of  the  resistance  present. 

Using  Lo"  and  the  circuit  constants  as  given  in  Table  IX 
for  the  case  in  which  >the  coils  are  opposing  each  other,  the  values 
of  primary  impedance  as  given  in  the  table  below  are  obtained 
by  substitution  in  formula  (36). 

TABLE  XII 
Resulting  Primary  Impedance  of  Directly  Coupled  Circuit 

Opposing 
Computed  Values 

0  

100 465.7  -iSlB.O 

150  727.6 +il86.4 

200 900.8  +j  30.8 

240  935.7  -yi63.4 

280 797.9  -  i276.3 

320  656.5-^271.0 

360 558.6  -J212.1 

400  497.2  -  yi46.2 

450 449.6  -j   67.0 

500  420.0  +  j    4.8 

550 400.5  +i  69.9 
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To  compare  with  the  above  computed  values,  the  observa- 
tions recorded  in  the  following  table  were  made. 
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r' 
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Fig.  9.     Resulting  primary  impedance  of  directly  coupled  circuit  with 
coils  opposing.     Arrangement  according  to  Fig.  7c. 

Figure  9  shows  the  results  tabulated  in  Tables  XII  and 
XIII.  The  same  discussion  applies  to  these  results  as  to  those 
for  the  directly  coupled  circuit  in  which  the  coils  were  aiding. 
The  general  shapes  of  the  curves  are  identical,  though  the 
numerical  values  are  slightly  different  and  the  intersections  of 
the  reactance  curve  with  the  zero  axis  occur  at  slightly  different 
frequencies.  In  general,  the  extremes  of  the  curves  do  not 
attain  such  large  values  in  this  case  as  in  the  former  one. 
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TABLE  XIII 
Measurement  of   Primary   Impedance   of  Directly   Coupled   Circuit 

Corrected  Values 
/  257.6  314.4  369.6  426.6  510.4 


Bridge 

6a 

6a 

6a 

6a 

66 

Ri 

500.04 

500.04 

500.04 

500.04 

500.04 

Ri 

787.4 

746.4 

1384.5 

973.5 

512.4 

R 

595.2 

520.1 

217.1 

248.1 

620.2 

Co 

0.2812 

0.3915 

0.6912 

0.3012 

0.0311 

r' 

873.2 

668.2 

536.0 

464.4 

413.1 

X' 

-  i236.5 

-  i268.8 

-il86.8 

-  i93.0 

+  i25.6 

Conclusion 

In  the  foregoing  pages  a  number  of  formulas  have  been  de- 
veloped for  the  phenomena  occurring  in  coupled  circuits  with 
localized  constants  when  under  the  influence  of  continuously 
supplied  alternating  electromotive  forces.  It  is  hoped  that  the 
treatment  has  been  sufficiently  complete  to  offer  a  guide  to  future 
work  along  similar  lines.  The  use  of  the  complex  quantity  sys- 
tem of  representation  has  been  adhered  to,  as  without  question 
it  offers  a  much  more  direct  treatment,  and  at  the  same  time 
gives  a  clearer  conception  of  the  phenomena  taking  place  than 
can  any  other  method.  That  the  use  of  this  method  does  not 
limit  the  application  of  the  equations  to  the  cases  involving  only 
pure  wave  forms  of  impressed  electromotive  force  is  evident  when 
it  is  recalled  that  by  separating  any  complex  wave  into  its 
harmonic  components,  the  solution  for  each  particular  harmonic 
may  be  carried  out  and  at  the  end  all  resulting  quantities  can 
again  be  expressed  in  the  form  of  a  trigonometric  series,  from 
which  the  resulting  instantaneous  values,  and  thereby  the 
wave  form,  may  be  determined.  This  facility  of  conversion 
from  one  form  to  the  other  (complex  to  trigonometric  or  vice 
versa)  is  one  of  the  salidit  features  of  the  method. 

The  substance  of  much  of  the  preceding  work  has  been  treated 
by  earlier  writers.  The  method  of  treatment,  the  manner  of 
presentation,  and  the  experimental  work  are  believed  to  be  of 
sufficient  importance  to  warrant  the  present  publication. 
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SECTION  II 

Transient   Phenomena    in    Electromagnetically   and    Di- 
rectly Coupled  Circuits  with  Localized  Constants 

In  the  following  pages  formulas  are  developed  which  apply 
to  the  phenomena  occurring  as  transients  in  electromagnetically 
coupled  circuits  for  any  initial  conditions  and  for  any  degree  of 
damping.  Numerous  solutions  of  this  problem  are  available, 
but  the  solutions  are  all  for  some  particular  set  of  initial  con- 
ditions or  consist  of  approximations  dependent  upon  the  degree 
of  damping.  It  is  the  intention  of  the  writer  to  develop  a  solu- 
tion which  will  be  applicable  to  any  set  of  initial  conditions  what- 
soever— one  that  is  mathematically  exact,  and  at  the  same  time 
sufficiently  simple  to  permit  of  actual  numerical  application. 

The  work  of  this  section  includes  a  discussion  of  the  phe- 
nomena taking  place  in  both  purely  electromagnetically  and 
directly  coupled  circuits,  together  with  a  discussion  of  the 
methods  of  solving  the  biquadratic  equation  which  of  necessity 
occurs  during  the  solution  for  either  case.  The  development  of 
the  equations  for  purely  electromagnetic  coupling  is  carried  out 
in  detail,  while  the  equations  covering  the  case  of  directly  coupled 
circuits  are  left  in  a  more  general  form — the  process  of  reduction 
for  the  latter  case  being  identical  with  that  for  the  pure  electro- 
magnetic coupling. 

The  solution  presented  here  for  the  problem  of  directly 
coupled  circuits  is,  within  the  writer's  knowledge,  the  first  rigid 
solution  which  has  appeared,  for  Cohen's  solution  is  erroneous, 
as  is  shown  later  (see  page  223).  The  writer  wishes  to  state  here 
that  in  March,  1915,  shortly  before  this  paper  was  submitted  for 
pubhcation,  Mr.  H.  S.  Miller,  of  the  Department  of  Physics  of 
the  University  of  California,  submitted  to  him  a  rigid  solution  of 
this  same  problem — the  solution  agreeing  in  the  essentials  with 
the  one  presented  in  this  paper. 

Pure  Electromagnetic  Coupling 
General  Formulas  and  Solution 
Figure  10  illustrates  the  general  circuit  arrangement  for  the 
problem  of  inductively  coupled  circuits. 
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The  general  notation  used  is  given  below: 

Circuit  1 

Total  self-inductance  of  circuits Li 

Series  capacity  in  circuits Ci 

Series  resistance  of  circuit,  total Vi 

Constant  impressed  voltages ei 

Currents ii 

E.M.F.'s  of  resistance e/ 

E.M.F.'s  of  self-inductance e^' 

E.M.F.'s  of  condensers e^ 

E.M.F.'s  of  mutual  inductance e^' 

Mutual  inductance 


Circuit  2 

62 
12 

e," 

62" 

ez" 
e," 


M 


c, 


r, 


M 


WW 


Fig.  10,     Electromagnetically  coupled  circuit. 
The  above  quantities  are  related  by  the  following  equations 


e\    =  -  Till, 
ex'  =  —  r2i2, 

63 


ez     = 


ei  =  —  LiDii, 

e'l'  =  —  LJ^ii, 

e^  =  -  MDi2,  ^ 

el'  =  -  MDii. 


(1) 


In  equation  (1)  the  notation, 

dx  (Px  d^'x 

^^^dt'  ^^"^'         ^^^^dF 

is  used. 

By    Kirchhoff's    Law   the    sum    of   the    above    enumerated 
electromotive  forces  is  zero  for  each  circuit,  and  therefore  by  (1) 

1    r 

riii  +  LiDii  +  tt  I  ^*i^^  +  MDi2  =  Ci, 


1   r 

7-212  +  L^Di^  +  77-  I  i^dt  +  MDii  =  e^. 


(2) 
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Differentiating   (2)  with  ei   and  62   constant   and  collecting 
terms, 

DH,  +  i^^D'  +  ^O  +  Jtt  )  n  =  0, 


M       '   MCi 
Completing  the  elimination  from  (3), 


(3) 


+  (;^  +  ;^)i>+>.-;e;]^^  =  °- 


C2      C^i  /  ^] 


(4) 


Equations  (4)  are  the  complete  differential  equations  for  the 
problem,  under  the  condition  that  the  impressed  electromotive 
forces,  ei  and  e2,  are  constant.  Reference  will  be  made  later  to 
the  case  in  which  this  condition  is  not  fulfilled.  Since  these 
equations  are  identical  in  form  for  both  ii  and  i2,  the  solutions 
will  differ  only  in  the  constants  of  integration. 

Though  the  developments  leading  to  the  final  differential 
equation  (4)  are  perfectly  familiar,  the  portion  given  above  has, 
been  reproduced,  as  it  is  made  use  of  later  in  the  determination 
of  the  integration  constants. 

The  general  solutions  or  integrals  of  (4)  are 


Z2  =  B.e"'''  +  526"^'  +  Bse'"''  +  B4e"*', 
in  which  mi,  m2,  nis,  nii,  are  the  four  roots  of  the  equation 
(L1L2  -  M^)m'  +  (Lir2  +  L2ri)m^ 

\C2^Cj 


(5) 


and  e  =  2.718  281  828  459  ••  •   =  base  of  the  natural  system  of 
logarithms. 
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Analytically  this  completes  the  solution,  the  integration 
constants  in  (5)  being  determined  by  initial  conditions.  Since 
there  are  four  independent  constants  to  be  determined,  there  must 
be  furnished  four  initial  values  or  independent  conditions.  This 
requirement  is  met  by  knowing  the  initial  values  of  the  currents, 
ii^  and  i2,;  and  also  the  initial  values  of  the  condenser  charges 
as  expressed  most  conveniently  by  the  condenser  potentials, 


e^:  =  - 


iidt, 


e,."  =  - 


cj 


i^dt. 


Determination  of  Integration  Constants 

The  next  step  is  the  determination  of  the  integration  con- 
stants in  (5),  utilizing  these  four  initial  conditions,  which  are 
not  subjected  to  any  restriction  whatever.  The  determination 
of  these  constants  will  be  made  for  the  general  case  as  expressed 
.by  (5),  specializations  being  made  for  certain  conditions. 

Let  the  initial  value  of  time  be  taken  as  zero. 

Then  in  equations  (5)  at 

t  =  0, 

4 


(7) 


Z^  Bn    =   ^2„, 

1 
in  which  the  form  of  expression  or  notation 

4 

£  qnPn    =    qiPl   +   92^2   +   93P3   +   ^4^4 
1 

is  used. 

By  equations  (1)  and  (5)  the  condenser  electromotive  forces 

are 

1     ''     1 

Ci   1    nin 


es 


es 


1  A   1 

C2   I    nin 


(8) 


In  (8)  Ki  and  K2  are  new  integration  constants  arising  from 
the  integration  of  (5).  Since  all  transient  terms  reduce  to  zero 
at   infinite   time,   the   exponentials   are   decreasing.     With   the 
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disappearance  of  all  exponential  terms,  the  currents  become 
zero,  and  therefore  the  condenser  electromotive  forces  become 
equal  in  magnitude  and  of  opposite  sign  to  the  constant  impressed 
electromotive  forces  in  the  respective  circuits. 

Since  all  exponentials  disappear  at  infinite  time,  we  can 
introduce  this  condition  into  (8)  for  the  purpose  of  determining 
the  values  of  the  integration  constants  Ki  and  K2. 

Therefore 

r  (9) 

«.^"],=«  =  if  2  =  -  e.  J 

Substituting  the  above  values  of  the  integration  constants  in 
equation  (8),  and  for  the  instant  t  =  0 


^     1 
Jl~An=-  Ciiei  +  63/), 

1      ^n 

IlzrBn=  -  02(62  +  63/0. 


1    nin 


(10) 


Equations  (7)  and  (10)  give  two  pairs  of  equations  out  of 
the  four  required  to  determine  the  integration  constants  in 
terms  of  the  known  initial  conditions. 

At  ^  =  0 


1   r . 

T7-  I  iidt  = 


-  e,:-, 


cj 


-^  I  i^dt 


e3„ 


which,  in  connection  with  (5),  substituted  in  (2)  give 

A       ^         ilf  ^       ^         1 

Z^mnAn  +Y'  2^  rrinBn  =  7-  (ei  +  63/  -  nj, 

1  -tvi     1  jL/1 


2^  ninBn   +  -f-  2^  MnAn    =7^(62  +  63/ 
1  J-J2     1  jL/2 


^2^2j. 


(11) 


Solving  (11)  to  separate  the  terms  involving  the  unknown 
quantities  A  and  B,  the  third  pair  of  equations  becomes 

1 


2-^'^n^n    — 


-  Mie2  +  63/'  -  r2i2„)] , 


1 

Y.mnBn  =  I  I    _  ^2  [^1(^2  +  eso/'  -  r2^2„) 


-  M{ei  +  63/  -  rii'O]., 


(12) 
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For  simplicity  let  the  second  members  of  (12)  be  represented 
by  Gi  and  G2  respectively. 


X!  rrinAn  =  Gi, 
1 

4 

^mnBn    =    G2. 


(13) 


Equation   (13)   constitutes   the  third   of   the   four   pairs  of 
equations  required. 

Substituting  (5)  in  (3)  for  the  instant,  t  =  0 


4  ^4  ^4  -|^ 


Ls^.  ._        .       )'2-c^  _  1 


^     (14) 


2.U  Wn  -An  ~r    TIT  2-j  ^n  -^n   "T   yi^  Z-^  ^n^n    —  /If r'    ^^o* 


The  third  terms  in  (14)  may  be  eliminated  by  substituting 
equations  (13).     This  gives 


> 
4  2;^^     4  /    ^^  J  \ 


(15) 


Solving  (15)  in  the  same  manner  as  (11)  to  separate  the  ex- 
pressions for  the  unknowns,  we  have  as  the  fourth  pair  of  equa- 
tions 


(16) 


Again  for  simplicity  the  second  members  of  equations  (16) 
are  designated  by  Jl\  and  7^2  respectively. 

The  four  simultaneous  equations  in  both  A  and  B  will  now 
be  collected  to  facilitate  their  employment. 


Vol.  1]      Pernot. — Currents  in  Coupled  Electrical  Circuits.         217 


Ai  +  A2  +  As  -\-  A4  =  iio, 

—  Ai  +  —  A2  +  — A3  +  — A4  = 
mi  m2     mz  m^ 


Cl(6l  +  63/), 


(17) 


niiAi  +  m2A2  +  rusAz  +  rriiA^  =  Gi, 

Mi^Ai   +   7722^^2  +  ^3^3  +  ^^4    =   H^, 

Bi  +  B2-\-  Bs  +  B,  =  i2o, 
—  5i  +  - B2  +  —  B3  +  —  54  =  -  C2ie2  +  63/0, 

?7Zl  7712  ^3  ^4 

?nijBi  +  m2B2  +  m^Bs  +  771454  =  G2, 
miWi  +  7712^52  +  m/Bs  +  m^^B,  =  H2. 

In  equations  (17)  the  full  number  of  equations  required  for 
the  determination  of  the  integration  constants  for  any  initial 
conditions  are  given.  Their  determination  is  of  course  de- 
pendent upon  the  solution  of  the  biquadratic  (6)  in  777.  Since 
there  are  rigid  methods  for  the  determination  of  the  roots  of  a 
fourth  degree  equation,  it  will  be  assumed  here  that  their  values 
are  available.  At  the  end  of  the  theoretical  developments  for 
this  section  are  included  some  comments  on  methods  for  the 
numerical  determination  of  these  roots. 

Though  actually  equations  (17)  give  the  complete  solution, 
practically  further  simplification  is  possible  depending  upon  the 
values  which  the  roots  of  (6)  may  assume. 

Since  all  the  coefficients  of  (6)  are  real,  there  are  three  cases 
possible  in  which  the  root  values  may  fall;  all  roots  may  be 
real,  all  roots  may  be  complex,  as  two  pairs  of  conjugate  imagin- 
aries,  or  two  roots  may  be  real  and  two  complex,  as  a  conjugate 
imaginary  pair. 

The  three  cases  will  be  considered  in  the  order  named. 


Case  1.     Non-oscillatory  Discharge 

In  this  case  with  all  real  roots,  it  is  convenient  to  express 
the  solution  in  terms  of  hyperbolic  functions.  The  reason  will 
be  pointed  out  later. 

To  do  this,  select  new  variables,  related  to  the  preceding  by 
the  following  equations: 
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(18) 


W3  =  X2  +  72, 
m4  =  X2  —  72. 
Ti  =  5i  +  B2, 

7^2    =    -Bi    —   ^2, 

7^3  =  53  +  -B4, 
T3  =  B3  —  B^. 


(19) 


(20) 


mi  =  Xi  +  7i, 

W2  =  Xi  —  71, 

>Si  =  Ai  +  Ai, 

52  =  Ai  -  A2, 

53  =  A3  -\-  A^, 
S4,  =  A3  —  Ai, 

The  expressions  in  (18)  may  be  written 

2X1  =  Wi  +  ?^2,  2X2  =  m3  +  ^4, 

271  =  mi  —  m2,         272  =  Ms  —  W4. 

Substituting  (19)  and  (20)  in  (5), 

ii  =  (Si  cosh  71^  +  S2  sinh  yit)e^'' 

+  (/S3  cosh  y2t  +  >S4  sinh  720^^''; 

^2  =  (Ti  cosh  71^  +7^2  sinh  7iOe^'' 

+  (7^3  cosh  72^  +  T4  sinh  720^^''- 

By  substituting  (19)  in  (17),  the  four  simultaneous  equations 
giving  the  values  of  S  and  T,  are  obtained  as  follows : 

Si      -\-     S3      =      il^y 
1  .  „  >-  1 


(21) 


Xi^  -  71' 


(Xi/Si  —  yiS2)  + 


X2^  —  72^ 


(X2*S3    —    72*5^4) 


=    -   Ci(6i  +  63!), 
Xi>Sl    +    71*5^2    +   X2*S^3    +    72>S4    =    Gl, 

(Xi2  +  71^)^1  +  2Xi7i*S^2  +  (X22  +  72')>S3  +  2X272>S4  =  T^i, 


1 


Xi^  -  71' 


(XiTi  -  71T2)  + 


7^1  +  7^3  =  i2„, 
1 


X2^  —  7s 


(X27^3    —    727^4) 


(22) 


=  -  C,{e^  +  ea/O, 

XlTl    +    7x7^2    +   X27^3    +    727*4    =    ^2, 

(Xi2  +  71')  7^1  +  2X171^2  +  (X22  +  72^)7^3  +  2X2727^4  =  H2.  ' 

The  chief  advantage  in  expressing  the  equation  in  terms  of 
hyperbolic  functions  lies  in  the  fact  that  by  so  doing,  the  firsfc 
of  the  four  simultaneous  equations  (22)  for  the  determination 
of  the  constants  S  and  T  contains  but  two  terms,  for  example 
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Si  -{-  S3  =  ii^. 

Since  the  value  of  ii„  is  one  of  the  known  conditions,  its  value 
can  immediately  be  substituted  and  the  number  of  simultaneous 
equations  reduced  from  four  to  three  with  but  a  very  small 
amount  of  labor.     This  is  better  done  numerically. 

Having  the  values  of  S  and  T  as  determined  by  (22),  a  further 
transformation  tending  to  ease  in  computation  of  numerical 
values  of  current  from  (21)  may  be  made. 

By  hyperbolic  function  addition-formulae,  if  Si  is  greater 
numerically  than  S2  the  form  may  conveniently  be  used: 

Si  cosh  yit  +  S2  sinh  jit  =  S'  cosh  (71^  +  ^1),  (23) 

in  which 

So  S 

tanh  Ti  =  TT         and         S'  =  — ^  .  (24) 

Si  cosh  f  1  ^     ^ 

In  case  Si  is  smaller  numerically  than  S2, 

Si  cosh  yit  +  S2  sinh  yit  =  S''  sinh  (jit  +  ^1),  (25) 


in  which 


tanh  6  =  —        and        S''  =  — ^ .  (26) 

S2  cosh  ^1 


A  substitution  similar  to  the  above  may  be  made  for  all 
four  of  the  terms  in  (21)  and  the  saving  in  labor  of  computation 
from  the  resulting  equation  over  that  required  by  the  form  in 
(21)  will  well  repay  one  for  the  extra  work  of  transformation 
involved,  if  many  values  are  to  be  computed. 

Case  2.     Oscillatory  Discharge 

In  this  case  all  of  the  four  roots  of  equation  (6)  are  complex 
imaginaries,  occurring  in  conjugate  pairs.  Under  this  type 
would  fall  also  the  case  for  zero  resistance  in  both  of  the  circuits, 
but  as  such  a  situation  is  impossible  physically,  and  the  mathe- 
matical developments  for  it  have  been  completely  worked  out, 
no  specialization  for  it  is  developed  here.  The  following,  then, 
is  applicable  to  the  general  case  in  which  the  four  roots  are  as 
mentioned  above;  viz.,  conjugate  imaginaries.  The  presence  of 
imaginary  exponentials  naturally  leads  to  the  trigonometric 
form  for  equation  (5),  the  imaginary  portion  of  the  exponent 
going  into  the  frequency  constant  and  the  real  portion  into  the 
damping  constant. 

To  put  (5)  into  this  form,  using  the  four  roots  in  the  form 
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(27) 


(28) 


ni2  =  Oil  —  jl3i,  Ma  =  CX2  —  j^2. 

Choose  new  integration  constants  related  to  A  and  B  by  the 
following  equations. 

Z)i  =  ^1  +  A2,  Fi  =  Bi  +  B2, 

D2  =j{Ai-A2),        F2  =j{B,  -  B2), 
Ds  =  As  +  A,,  Fz  =  Bz  +  B,, 

D,  =j{A^-  A,),         F,  =j(Bs  -  ^4). 

Remembering  the   exponential   expressions  for  the  sine   or 
cosine  of  an  angle  expressed  in  radians,  the  substitution  of  (27) 
and  (28)  in  (5)  gives  the  desired  trigonometric  form. 
ii  =  {Di  cos  ^it  +  D2  sin  /3iOe"'' 

+  (2)3  cos  ^2t  +  Da  sin  ^2t)e'''\ 
i2  =  (Fi  cos  ^it  +  F2  sin  iSiOe"^' 

+  (F3  cos  ^2t  +  Fi  sin  iSsO^"''-  J 

Substituting  (28)  in  (17)  the  simultaneous  equations  for  the 
determination  of  the  constants  D  and  F  are  directly  obtained. 
By  so  doing  the  simplification  from  four  to  three  equations  is 
gained  in  the  same  manner  as  was  pointed  out  for  the  previous 
case  in  which  the  roots  were  all  real  and  the  solution  was  placed 
in  form  for  the  use  of  hyperboHc  functions. 

This  gives: 

1 


(29) 


ai"  +  i8i2 


(aiDi  -  ^iZ)2)  + 


ai"  +  ^2' 


{a2Ds  -  I32D,) 


=   -  Ciie,  +  63/), 
aiDi  +  i8i£>2  +  ^22)3  +  ^2D,  =  Gu 
(ai2  -  /3i2)Z)i  +  2q:i/3iZ)2  +  {oL2^  -  ^2^)Dz  +  2q;2/32£>4  =  Hi, 


V    (30) 


ai^  +  i8i2 


(aiFi  -  /3i/^2)  + 


F,-^F,  =  ^2„ 
1 


a2^  +  ^2^ 


{a2Fs  —  182^4) 


=    -  €2(62  +  63/0, 
■    aiFi  +  /3iF2  +  ^2^3  +  I32F,  =  G2, 
{ai"  -  ^i')Fi  +  2aii8ii^2  +  (^2'  -  /32')/^3  +  2^2/32/^4  =  H2. ' 
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Equations  (29)  and  (30)  give  in  complete  form  the  solution 
expressed  trigonometrically.  As  in  the  first  case  in  which  all  the 
roots  were  real  and  the  hyperbolic  form  of  expression  was  used, 
a  simplification  tending  towards  ease  in  computation  may  be 
made  for  the  case  in  hand. 

Analogous  to  equations  (23)  and  (24) 


Di  cos  ^it  +  D2  sin  (3it  =  D'  cos  {^it  -  (f>i), 


tan  4)i  = 


D'  = 


Z)i 


cos  0] 


(31) 


(32) 


The  same  substitution  may  be  made  for  all  remaining  terms 
in  equation  (29),  thereby  reducing  the  labor  of  computation  by 
almost  one-half. 

Case  3.     Semi-oscillatory  Discharge 

In  this  case  two  of  the  roots  of  (6)  are  real  and  two  are  com- 
plex. The  complex  roots  are  of  necessity  conjugate  imaginaries. 
Following  the  ideas  developed  for  the  two  preceding  cases,  it  is 
apparent  that  the  best  form  for  expression  would  be  a  combina- 
tion of  hyperbolic  and  trigonometric  functions,  even  though  the 
situation  is  completely  covered  by  the  general  expressions  (5) 
and  (17). 

Let  the  four  roots  be 


Wi  =  X  +  7,  mz  =  OL  -\-  j^, 

m2  =  \  —  y,  Mi  =  a  —  i/3, 

2X  =  mi  +  m2,  2y  =  TUi  —  m^-  - 
The  resulting  expression  is, 

ii  =  (Si  cosh  yt  +  S2  sinh  7^^^' 

+  (D3  cosiS^  +  i)4sin/30e^ 
i2  =  (Ti  cosh  yt  +  T2  sinh  yt)e''' 

+  (Fs  cos^t  -f-F4sin/30e"', 


(33) 


(34) 


The  constants  S,  T,  D,  and  F  are  related  to  the  initial  con- 
ditions by  the  equations  given  in  the  two  cases  preceding.  The 
simultaneous  equations  necessary  for  their  determination  are, 
however,  reproduced  here. 
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X2  -  72 


(X>Si  -  yS^)  + 


1 


0=2  +  ^2 


(aDs  -  ^D,) 


=   -  Cie,  +  63/), 
\Si  +  7>S2  +  aDs  +  /3i)4  =  Gi, 
(X2  +  y)*S^i  +  2X7^2  +  (a'  -  /32)7)3  +  2a^D,  =  H,, 


1 


X2    -    7' 


(XTi  -  yT^)  + 


Ti-h  Fs=  ^■2„, 
1 


a2  +  ^2 


(ai^3  -  /3i^4) 


(35) 


==     -    C2(62   +   63/0, 

\Ti  +  7^2  +  aFs  +  /3F4  =  (^2, 
(X2  +  72)^1  +  2X77^2  +  (a^  -  ^2)i^3  +  2a^F,  =  H2. 

Equations  (34)  and  (35)  give  the  complete  solution  for  the 
case  in  hand. 

The  foregoing  gives  the  general  solution  for  the  case  of  purely 
electromagnetically  coupled  circuits  regardless  of  initial  con- 
ditions or  of  the  degree  of  damping.  Inspection  of  equations 
(21),  (29),  and  (34)  indicates  that  the  current  in  either  the 
primary  or  the  secondary  consists  of  a  combination  of  two 
distinct  oscillations,  ^ach  one  of  which  has  its  own  particular 
damping  factor;  the  damping  factor  referring  to  the  exponential 
affecting  the  separate  oscillations.  These  separate  oscillations 
are  necessarily  of  different  frequencies,  to  be  distinct,  and  the 
period  of  the  separate  oscillations  may  be  either  real  or  imaginary. 
In  the  first  case  considered,  both  oscillations  have  imaginary 
periods,  the  hyperbolic  functions  representing  them  being 
transcendental  functions  of  imaginary  period.  Physically  this 
would  indicate  that  the  decrease  in  current  value  with  time  was 
so  great  that  not  more  than  one  reversal  of  sign  could  take  place 
in  each  oscillation.  It  is  somewhat  analogous  to  the  non-oscil- 
latory discharge  of  a  condenser  through  an  inductance  possessing 
a  very  high  resistance.  High  resistance  in  both  of  the  circuits 
will  bring  about  this  condition. 

The  second  case  considered  is  that  in  which  both  of  the 
separate  oscillations  above  mentioned  have  real  periods.  Again 
each  oscillation  is  affected  by  its  own  damping  factor.     The 
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fact  that  the  oscillations  are  represented  by  trigonometric  func- 
tions of  a  real  variable  gives  rise  to  the  '^  real  period."  This 
case  is  the  most  important  one  in  practice,  and  it  is  brought 
about  by  keeping  the  resistance  of  the  separate  circuits  as  low 
as  possible,  or  rather  below  a  certain  critical  value.  It  is  the 
case  which  has  received  the  most  attention  and  the  one  which 
is  most  susceptible  to  an  approximate  solution. 

The  third  case  is  a  combination  of  the  first  two.  One  of  the 
separate  oscillations  is  of  imaginary  period,  being  represented 
by  hyperbolic  functions  of  a  real  variable,  and  the  other  is  of 
real  period,  being  represented  by  trigonometric  functions  of  a 
real  variable.  This  type  of  oscillation  may  be  considered  as  an 
intermediate  case  between  the  first  tw^o.  The  first  case  arises 
from  high  resistance  in  both  the  primary  and  the  secondary 
circuits.  The  second  case  arises  from  low  resistance  in  both  of 
these  circuits,  while  the  third  or  intermediate  case  is  a  result  of 
having  one  of  the  circuits  of  high  resistance  while  the  other  is 
of  low  resistance. 

For  convenience,  the  first  named  may  be  designated  as  the 
non-oscillatory,  the  second  as  the  oscillatory,  and  the  third  as 
the  semi-oscillatory,  case.  Though  as  far  as  practical  use  in 
radiographic  work  is  concerned  the  oscillatory  is  the  only  im- 
portant case,  in  other  fields,  where  transients  may  arise  as  ab- 
normal conditions,  all  three  cases  are  of  equal  probability  and 
importance. 

The  solution  as  given  does  not  coincide  in  its  results  with 
that  of  Cohen  in  the  previously  mentioned  Bulletin  of  the  Bureau 
of  Standards.  First,  in  the  generalization  of  his  results  is  the 
statement  ^'  It  is  seen  that  the  potential  and  current  in  the 
primary  and  secondary  circuits  consist  of  two  distinct  waves, 
each  one  of  which  has  a  different  periodicity,  and  each  wave 
has  two  damping  factors,"  this  statement  being  given  as  an 
interpretation  of  the  equations  which  had  been  previously 
developed  by  him.  But  though  the  current  or  potential  does 
consist  of  two  constituent  waves  or  oscillations  (necessarily  of 
different  frequency,  since  distinct),  each  wave  has  only  one 
damping  factor  affecting  the  oscillation  of  the  same  frequency 
in  both  circuits.  This  is  to  be  noted  in  equation  (29).  Further 
notice  that,  if  the  discharge  is  to  be  oscillatory,  the  roots  of 
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equation  (6)  must  occur  in  conjugate  pairs  of  imaginaries,  and 
therefore  each  real  portion  of  the  root  which  gives  rise  to  the 
damping  must  always  be  associated  with  its  corresponding 
imaginary  portion — that  is,  each  frequency  as  arising  from  the 
imaginary  portion  can  have  but  one  damping  constant.  In  this 
matter,  Cohen's  error  evidently  arises  from  an  improper  combina- 
tion of  various  particular  solutions,  Wi  and  W2,  as  designated  in 
his  notation. 

Again  on  page  521  of  Cohen's  paper  the  statement  is  found 
that  it  is  to  be  shown  that  (using  the  notation  given  there) 
Oil,  0L2,  Xi  and  X2  are  all  real  quantities.  This  is  true  only  for 
damping  so  low  that  the  discharge  be  oscillatory,  though  the 
method  as  given  purports  to  be  general.  Further,  the  values 
of  the  two  different  damping  constants  as  given  by  his  formula 
(16)  do  not  agree  with  the  real  portions  of  the  roots  of  the  bi- 
quadratic equation  as  given  by  equation  (6)  of  this  paper.  A 
numerical  illustration  of  this  fact  is  given  here.  Calculations 
were  made  for  a  circuit  possessing  the  following  constants: 

Li  =  0.1131,         Ci  =  3.7345  X  10-^         ri  =  12.00, 
L2  =  0.4640,         C2  =  1.0000  X  10-^         rs  =  30.00, 

M  =  0.05830. 

By  Cohen's  method  the  values  of  a  were  determined  as 

ai  =  61.45,         0:2  =  29.84. 

Substituting  the  above  circuit  constants  in  equation  (6)  of 
this  paper  and  solving  the  biquadratic,  the  real  portions  of  the 
roots,  which  correspond  to  the  damping  constants,  were  deter- 
mined as 

ai  =  -  58.964,         0:2  =  -  32.326. 

The  difference  in  the  numerical  values  indicates  the  error  intro- 
duced by  Cohen's  method.  The  difference  in  algebraic  sign 
arises  from  a  slightly  different  form  of  expression  in  the  two 
papers. 

The  same  comments  as  above  apply  to  Cohen's  solution  for 
the  directly  coupled  circuits,  since  his  procedures  are  identical 
in  the  two  cases. 
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Directly  Coupled  Circuits 
General  Formulas 

Figure  11  indicates  the  general  circuit  arrangement  for  the 
problem  of  directly  coupled  circuits. 

The  circuit  constants  with  the  subscript  1  are  the  totals  of 
the  different  quantities  in  series  in  circuit  number  1,  exclusive 
of  the  portion  between  the  points  B  and  C  which  serves  to  com- 
plete the  first  circuit. 


c, 


n 


V* 

nAAAAA 


Fig.  11 

In  the  same  manner  the  constants  with  the  subscript  2  are 
the  totals  for  the  second  circuit  exclusive  of  the  portion  between 
B  and  C. 

The  constants  of  the  portion  B  to  C,  which  is  not  included 
in  either  circuits  1  or  2,  are  designated  by  the  subscript  3.  No 
condenser  is  supposed  to  be  present  in  the  circuit  3. 

At  the  outset  it  is  necessary  to  select  arbitrarily  a  direction 
in  each  portion  of  the  circuit  which  is  to  be  considered  as  positive. 
This  is  done  in  accordance  with  the  arrows  shown  at  the  junction- 
point  C  in  figure  11. 

An  enumeration  of  the  quantities  involved  is  not  necessary 
here,  since  the  scheme  as  outlined  for  the  establishment  of  equa- 
tion (1)  in  the  problem  of  pure  electromagnetic  coupling  is  ad- 
hered to.  The  same  two  cases  are  possible  here  as  were  treated 
in  connection  with  the  undamped  alternating  current  phenomena 
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taking  place  in  directly  coupled  circuits,  for  which  see  page  176, 
just  preceding  equation  (24)  of  Section  I.  These  two  cases  are 
carried  through  by  means  of  the  double  sign.  For  convenience, 
the  quantities 

Lo  =  Lidz2M  -\-  Ls,         and         fo  =  ri  +  rg,         (36) 

which  indicate  physically  the  total  self-inductance  and  resistance, 
respectively,  between  the  points  A  and  C  in  Figure  11,  are 
introduced. 

Applying  Kirchhoff's  Laws,  where 


Di 


di 
Jt 


and         DH  = 


dH 
dt^ 


ll    —    l2, 


1  =  fill  +  LiDii  +frj  iidi  "F  MDis 

-  rsis  -  LsDio  ±  MDii, 

2  =  r2i2  +  L2Di2  +  TT  I  ^2^^  ±  MDii  —  L^Dis  —  r^iz. 


(37) 


Introducing  Lo  and  ro  by  (36)  and  eliminating  is  from  the 
two  differential  equations 


ei  =  LoDii  +  roil  +  w   I  iidt  +  {Lz  zb  M)Di2  +  r3i2, 
62  =  (Lz  d=  M)Dii  +  rzii  +  (L2  +  Lz)Di2 


+  (^2  +  rz)i2  +  ^  I   ^2C?^- 


Differentiating  (38) 


r  LoD'^  -\-roD  +  ^\  ii  +  [{Lzzt  M)D^  +  rzD]i2  =  0, 


[{Lz  ±  M)Z)2  +  rzD]ii 


+  [(2.2  +  L3)i)^  +  (r2  +  r3)2)  +  ^  1 1*2  =  0. 


(38) 


(39) 


Solving  for  ^l  and  ^2 
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y  [(Ls  +  Ls)D'  +  (r,  +  r^)D  +  ^J 


C 


-  l{Ls±M)D''  +  rM'\i,  =  0, 


For  Z2  the  equation  is  identical  with  the  above  for 

ii  '  '  •  h'2  =  0. 
From  equation  (40) 

[Lo{L2  +  L3)  -  (Ls  d=  My]D' 

+  [Loiro  +  r3)  +  r,(L2  +  L,)  -  2r3(L3  ±  M)]D' 

Ijo  -l/2    "T"   -^c 


(40) 


+ 


C, 


+ 


+  'g  + 


+ 


1 


r2  + 
C 

ii  =  0 


+  ro(r2  +  rs)  —  r^^ 


D' 


(41> 


For  t2  the  equation  is  identical  with  the  above  for  ii. 

The  differential  equations  for  ^l  and  12  are  of  the  fourth 
order  and  identical  in  form  with  equation  (4)  for  the  case  of  pure 
electromagnetic  coupling,  though  with  different  coefficients. 
The  integral  expressions  from  (41)  are  therefore 


1 
4 

22    =    ll  Bne""\ 


(42) 


and  therefore  by  equation  (37)  the  expression  for  io  can  immedi- 
ately be  written.  It  is  given  here  only  as  a  matter  of  interest, 
as  no  further  use  will  be  made  of  the  expression. 


^3  =  -  ii  -  ^2  =   -  E  (An  +  Bn)e""\ 


(43)    . 


The  equation  for  the  determination  of  the  four  values  of  m 
is  again  a  biquadratic  of  the  same  form  as  equation  (6),  with 
coefficients  having  different  values.  The  equation  in  question  is 
best  written  in  the  form 
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^4  ^  p^3  _|_  Q^2  ^  Rm  +  S  =  0,  (44) 

in  which  the  coefficients  P,  Q,  i?,  and  S  have  the  following  values : 

p  ^  Z/o(r2  +  rs)  +  ro(L2  +  U)  -  2r^{L^  ±  M) 


Q  = 

R  = 

^S  = 


Lo{L, 

+   L3)    - 

-    (L3± 

M)2 

Lo 

C2 

+ 

L2  +  L3 

+  ro{r2  +  ra)  - 

n' 

Lc 

,(L2  +  L3)  -  (L3 

±  M)2 

} 

^0           ^2 
C2  + 

+  r3 

Lo 

(L2 

+   L3)    - 

-    (L3=b 

1 

ikr)2' 

C,CALo{L2  +  L,)  -  (Lo±  MYY 


(44a) 


Comments  on  methods  of  solution  of  the  biquadratic  equa- 
tions, (6)  and  (44),  follow  under  a  separate  heading. 

Integration  Constants  for  General  Form 

The  determination  of  the  eight  integration  constants  A  and 
B  is  based  on  the  same  four  initial  conditions  as  are  defined  on 
page  214  for  the  electromagnetically  coupled  circuit.  Since  the 
process  of  development  is  in  this  case  exactly  the  same  as  for 
the  previous  one,  it  will  be  made  as  short  as  possible. 

The  integration  constants  A  and  B  only  will  be  specified, 
thereby  leaving  the  solution  in  the  exponential  form.  If  it  is 
desired  to  utilize  the  hyperbolic  or  trigonometric  form  of  ex- 
pression and  to  determine  directly  the  integration  constants 
entering  into  these  forms  of  expression,  use  may  be  made  of 
equations  (22),  (30),  or  (35),  depending  on  the  form  of  the  four 
roots  of  equation  (44).  As  before  mentioned,  it  is  an  advantage 
to  use  these  forms  of  expression,  since  in  effect  the  determination 
is  reduced  from  the  solution  of  four  simultaneous  equations  to 
the  solution  of  three.     At  ^  —  0, 


,   (45) 


4 

■« 

^ 

■^n 

= 

^loJ 

4 

1 

Bn 

= 
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By  the  same  means  as  were  used  in  connection  with  equa- 
tion (10) 

^     1 

Y^  —  An=  -  Ci{ei  +  ez/), 


T  rnn 

1      "t'n 


(46) 


Following   the   procedure   indicated   in   equation    (11)    and 
utiHzing  equations  (38)  and  (42) 


Lo  Jl  mnAn   +    (Z/3   ±   M)  S  mnBn 

1  1 

=  Ci  +  CsJ  -  roil,,  —  r3^2o, 

4  4 

(La  ±  M)  Z  ninAn  +  (L2  +  L3)  Z  mnB„ 
1  1 

=  62  +  ezj'  —  rzii^  —  r2^2o  -  r3^2o,  J 


(47) 


from  which 

4 

2^  mn-A-n  = 


Lo 


-1 r 

(L3  ±  M)2  L 


Ci  +  63/  —  fotio  —  r3^2„ 


L2  +  L, 


-  ^7:17^  (^2  +  630     -  ^3iio  -  r2i2o  -  rsi2o)     , 


HmnBn 


Lo- 


-j r 

(Ls  ±  My  L 


L. 


L2  -f"  L3 


(^2  +  csj'  -  rzii^ 


L2  +  Lz 


(48) 


Lo  =1=  Tlf  "I 

r2i2«  -  rzi2,)  -  j^    j_  j^  (^1  +  ^3/  -  r^zi^  -  r3i2o)     • 


As  in  the  case  of  equations  (12)  and  (13),  in  order  to  simplify 
the  expressions,  the  right-hand  members  of  equation  (48)  are 
equated  to  Gi  and  G2  respectively. 


Zw„^n  =  Gi, 

1 

4 

Y^mnBn    =    (t2. 
1 

Substituting  (42)  in  (39),  for  t  =  0, 


(49) 
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4  A  1        "* 

Lo  2  mr^An    +   r^  S  ninAn   +  TT   £  ^n 
1  1  1^1      1 

4  41' 

+  (Ls  dr  M)  S  mn-Bn  +  r3  Z  rrinBn  =  0, 

1  II- 

4  4  4  ■ 

(L3  ±  M)  2  Wn^An  +^3  2]  m^An  +   (1/2  +  L3)  Zl  ^n^^^ 
1  1  1 

4  1         ^ 

+    (r2    +   ^3)  Y^  ninBn    +  TT  S  ^n    =    0 
1  ^2      1 

from  which,  by  equations  (45)  and  (49) 

4  4 


(50) 


=  —  (  roGi  +  r3G'2  +  w  ^"lo  )  ; 


(La  ±  M)  E  mn^An  +  (L2  +  L3)  Z  m„2B, 


=  --(r,G, 
For  convenience  in  writing,  let 


+  r^G^  +  r3(72  +  77  ^'20 

L'2 


(51) 


Ni  =     r„Gi  +  j-3(?2.+ 


iV,  = 


PrsG^i  +  r2(T2  +  r3G2  +  -^i^o  )  • 


(52) 


Then  by  solving  (51),  with  the  right-hand  members  replaced 

by  —  Ni  and  —  N2, 


Lo- 


Y^mr?Bn    = 


Lo- 


L2  +  L3 
JlV^myV 


U  =t  M  ^^  Lo      ^, 

Ni  -  - — 7—r  N2 


L2  +  L, 


L2  +  L: 


] 


L2  -\~   Z/3 

Equations  (53)  will  be  written, 

4 

Z^n^^n    =    Hi, 
1 

4 

^nin^Bn    =    H2, 


(53) 


(54) 
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Equations  (54)  and  (53)  serve  to  define  Hi  and  H2- 

Equations  (45),  (46),  (49),  and  (54)  suffice  to  determine 
completely  the  integration  constants.  For  convenience  in  com- 
putation, however,  it  is  recommended  that  the  known  right- 
hand  members  of  these  equations  be  substituted  in  either  (22), 
(30),  or  (35),  depending  upon  the  form  of  the  roots,  for  the 
reasons  previously  stated.  The  form  of  the  solution  will  then 
be  that  corresponding  to  the  set  of  equations  used. 

The  above  is  the  complete  solution  for  the  problem  of  directly 
coupled  circuits.  It  is,  as  is  evident,  absolutely  rigid,  and  the 
integration  constants  include  all  of  the  initial  conditions  which 
are  possible  in  such  a  circuit.  A  question  might  be  raised  as  to 
neglecting  the  initial  current  in  the  branch  of  the  circuit  numbered 
3,  viz.,  ^3^.  Of  course  it  should  be  noticed  immediately  that  this 
current  is  included  in  the  initial  values  ^l„  and  ^2,,  by  equation  (37). 

It  is  regretted  that  time  did  not  permit  of  a  numerical  con- 
sideration of  the  foregoing  solution  for  the  directly  coupled 
circuit,  for  without  question  there  are  numerous  interesting 
points  which  can  be  brought  out  only  numerically  or  by  an 
investigation  from  the  standpoint  of  theory  of  equations. 

Treatment  in   Case  Ci  and  62  are  Alternating  Electro- 
motive Forces 

All  of  the  preceding  developments  for  the  transients  in  a 
coupled  circuit  are  for  the  case  in  which  the  electromotive  forces 
inserted  in  the  separate  circuits  were  continuous.  That  is, 
61  and  62  are  intended  to  signify  constant,  unidirectional  electro- 
motive forces.  The  question  naturally  arises,  therefore,  what 
would  be  the  expressions  for  primary  and  secondary  current  if 
either,  or  both,  of  these  impressed  electromotive  forces  are  uni- 
formly alternating? 

Such  a  case  would  be  solved  mathematically  by  placing 

ei  =  El  cos  {coit  +  ^1),         €2  =  E2  cos  (co2^  -f  62), 

substituting  these  expressions  in  equation  (2),  and  then  carrying 
out  the  complete  solution.  This  would  lead  to  a  very  compli- 
cated solution.  A  simpler  way  is  by  the  method  of  superposition. 
Remembering  that  in  the  complex  quantity  representation  of 
alternating  quantities,  any  complex  quantity  of  the  form 
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/  =  ^"  +  ji" 
can  immediately  be  expressed  as  a  function  of  time  by 

i  =  ^2{i'  cos  o)t  —  i"  sin  coQ, 

thereby  enabling  instantaneous  values  to  be  calculated  (the 
factor  V2  is  introduced  to  change  from  effective  values  as 
expressed  by  the  first  equation  to  the  instantaneous  values  repre- 
sented by  the  second),  one  can,  by  the  methods  outlined  in  the 
first  section  of  this  paper,  determine  for  the  zero  instant  of  time 
what  would  be  the  numerical  values  of  voltage  and  current  in 
the  various  parts  of  the  circuit  when  operating  under  the  im- 
pressed alternating  electromotive  forces,  ei  and  62,  if  no  transients 
were  present :  that  is,  the  final  continuously  alternating  quantities 
which  will  obtain  at  infinite  time  after  all  transient  terms  have 
disappeared,  are  in  effect  carried  back  to  the  zero  instant,  so 
that  the  instantaneous  values,  free  from  transients,  can  be 
obtained  for  this  instant.  The  algebraic  differences  between  the 
actual  quantities  (the  true  initial  conditions)  and  what  they 
would  have  been  under  the  continuous  alternating  regime, 
constitute  a  new  set  of  effective  initial  conditions,  ^l^,  ^2^,  63^',  es,/', 
to  be  used  in  determining  a  transient  according  to  the  methods 
outlined  in  this  second  section.  This  superposed  transient  is 
then  to  be  added  to  the  values  of  current  or  voltage  which  would 
obtain  under  a  uniform  alternating  regime,  and  the  result  is  the 
actual  condition  which  takes  place  during  the  transient  period. ^^ 

To  apply  this  method,  it  is  not  necessary  that  the  two  im- 
pressed electromotive  forces  be  of  the  same  frequency  (see  page 
166,  above),  but  it  must  be  remembered  that  as  such  electromotive 
forces  would  be  supplied  by  some  sort  of  a  generating  apparatus, 
the  constants  of  this  apparatus  would  of  necessity  have  to  be 
included  in  the  evaluation  of  the  circuit  constants  in  order  that 
the  values  of  the  transient  terms  be  properly  determined,  unless 
the  generator  capacity  be  sufficiently  great  to  prevent  any 
variation  in  its  terminal  electromotive  forces  due  to  the  current 
flow  in  the  superposed  transient. 

That  the  above  scheme  of  superposition  is  correct  is  apparent 

1°  See  Steinmetz,  Electric  Discharges,  Waves,  and  Impulses,  page  30,  for 
an  outline  of  this  method  applied  to  simple  cases. 
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when  one  notices  that  all  resulting  quantities  are  made  up  of 
two  components,  each  of  which  fulfills  the  fundamental  laws  of 
the  circuit,  and  which  give  by  their  combination  the  proper 
values  to  the  various  quantities  at  the  instant  t  =  0  for  which 
the  initial  conditions  are  specified. 

Methods  of  Solution  of  the  Biquadratic  Equation  (6)* 

Though  so  far  it  has  been  assumed  that  the  roots  of  the 
fourth-degree  equation  (6)  are  available,  there  is  difficulty 
attached  to  their  numerical  determination.  Though  the  general 
fourth-degree  equation  (6)  is  capable  of  solution,  as  before  stated, 
the  avoidance  of  this  difficulty  has  been  one  of  the  incentives  to  a 
large  number  of  approximate  methods  of  solution.  Like  other 
approximations,  this  continually  leaves  a  doubt  whether  the 
approximation  is  being  carried  beyond  its  legitimate  field. 

The  following  is  intended  to  present  the  necessary  informa- 
tion to  enable  a  rigid  solution  of  (6),  without  any  hypothesis  as 
regards  the  nature  of  the  roots,  to  be  made,  and  also  to  give  a 
method  by  which  the  values  of  the  roots  may  be  determined  with 
any  desired  degree  of  accuracy  by  a  method  of  approximation — 
the  last  being  intended  only  for  the  case  of  oscillatory  discharge. 
The  approximation  method  is  considered  first. 

Approximation  Method  for  Oscillatory  Discharge 

As  long  as  the  transients  which  would  occur  in  either  of  the 
circuits  taken  separately  would  be  oscillatory,  it  is  quite  safe  to 
say  that  the  transient  in  the  coupled  circuit  will  be  oscillatory. 
The  conditions  for  oscillatory  discharge  in  the  separate  circuits 
are 

^'  >  n';        ^  >  r2^  (55) 

However,  to  be  on  the  safe  side  in  applying  the  following  method, 

it  is  well  to  consider  it  as  an  undesirable  one  unless  in  (55)  both 

4L  . 

expressions  indicate  a  value  of  -T7  considerably  greater  than  r\ 

By  saying  "  on  the  safe  side,"  it  is  not  meant  that  the  result 
might  be  uncertain,  but  that  in  arriving  at  this  result  by  approxi- 

*  With  the  proper  modification  of  equation  (58)  these  comments  apply 
also  to  tlie  solution  of  equation  (44) . 
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mations,  so  many  steps  may  be  necessary  as  to  make  the  ex- 
penditure of  labor  greater  than  that  required  by  a  direct  solution. 
The  above,  then,  is  to  be  taken  as  the  criterion  for  the  appli- 
cation of  this  method. 

For  the  case  in  hand  the  form  of  the  four  roots  will  be  as  in 
(27). 

The  expression 

/(m)  =  (m  —  mi){m  —  m2){m  —  mz){m  —  m^  =  0      (56) 

results  in  the  form 

m^  -I-  Pm^  -^  Qm?  +  Rm  +  S  =  0,  (57) 

in  which,  by  equations  (56),  (27),  and  (6),  the  coefficients  have 
the  following  values: 

^  +  ^  +  rifs 

Q  =      \   J    '     ^r"  =  («i  +  «2)'  +  2a,a2  +  /3i2  +  /32^     {h) 
L1L2  —  M^ 

C  C 

R  =  ~— -—  =  -^{«i«2(q:i+  0:2)  +  «2/3i2+  aii32^},     (c) 

^  =  C,C,{UU  -  M^)  =  ^"^"^)'  +  "^'^^' 

+  a22/3i2  +  ^12^2^.     {d) 

Knowing  the  numerical  values  of  P,  Q,  R,  and  S,  from  the 
given  circuit  constants,  one  can  by  means  of  (58)  determine  the 
values  of  a  and  /?  with  any  desired  degree  of  accuracy  when  the 
previously  mentioned  condition  is  fulfilled. 

As  a  first  approximation^^  one  could  neglect  the  values  of  a 
as  compared  with  ^,  and  thereby  determine  /Si  and  ^2,  but  a 
closer  approximation  for  the  first  trial  can  be  made  by  assuming 
the  two  values  of  a  to  be  equal.  It  is  to  be  noted  in  (586)  that 
one  of  the  terms  consists  of  (ai  +  0:2),  which  is  given  exactly 
by  (58a).     Designating  this  assumed  common  value  of  a  by  a, 

^•^  Steinmetz,  Transient  Electric  Phenomena  and  Oscillations,  p.  163. 
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p 

"    =  "4' 
which  when  substituted  in  (58d)  and  (586)  gives 

-S  =  ^  +  ^  (0,,'  +  02,')  +  ;3,,%,S  (59) 

in  which  /Sij  and  ^2^  signify  by  the  second  subscript  the  first 
approximations  to  the  values  of  Z?  which  will  result  from  (59). 
The  first  subscript  gives  the  number  of  the  root,  the  second,  the 
number  of  the  approximation. 


^       3P2 

^u'  +  ^2,2  =  Q  -  "8~  •  ^^^^ 

Solving  (59)  and  (60)  one  obtains  as  a  common  expression 
for  jSij  and  (32^ 

,._(Q_f),.  +  (^  +  g_^).0.  (61) 

From  (61) 

^  3P2  /7~  3P2\2  7~  ^i  p2Q\ 

^2  = ^ 1 ^- '-  .     (62) 

From  (62)  the  two  values  of  13  represented  by  jSij  and  /32i 
are  the  first  approximations  to  the  values  of  ^i  and  ^2-  Let 
/3ii  be  taken  with  the  plus  sign  before  the  radical,  and  ^2^  with 
the  minus  sign. 

For  many  cases,  those  with  very  low  damping,  this  first 
approximation  will  give  j8  accurately  to  four  or  five  places.  To 
be  assured  of  the  accuracy,  however,  it  is  advisable  to  go  through 
one  step  more,  as  indicated  in  the  following. 

With  the  above  first  approximation  to  ^,  we  shall  proceed  to 
the  first  approximation  for  a. 

Eliminating  (ai  +  012)  from  (58)  by  means  of  (58a) 

Pai,a2,  -  2a2fii,^  -  2a,fi2,^  =  R  (63) 

and  then  eliminating  0:21  by  the  relation 

<^2,  =   -  (  ^  +  «ll  ) 
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we  obtain 


Let 


Pa;i,2  _  ^2/3i,2  -  2^2,^  -~J  a,,  -  P^,,'  +  R  =  0.        (64) 


V  =  2/3i,2  _  2^2^2  _  _! 
W  =  4P2/3,^2  _  4p^. 


(65) 
Substituting  (65)  in  (64)  one  obtains  for  ai, 


«ii  = ^p •  (66) 

Since  the  values  of  a  are  essentially  negative,  the  minus 
sign  is  the  appropriate  one  to  use  in  equation  (66). 

When  the  damping  factors  are  very  small,  that  is,  the  values 
of  a  very  small  in  comparison  with  /5,  difficulty  may  be  en- 
countered in  obtaining  an  accurate  value  of  ai^  from  equation 
(66)  on  account  of  the  necessity  of  taking  differences  between 
two  large  quantities  of  nearly  the  same  magnitude,  the  value  of 
the  radical  being  nearly  equal  to  that  of  V.  To  overcome  this 
difficulty,  develop  (66)  into  a  series  by  the  binomial  theorem. 

Let 

W 


"^  ~  y2 ' 


then 


W    f  115  7  \ 

"^^  ^4P7V~  ^+4^"8'''+64^'-128^'+  '")•     ^^^^ 

If  it  is  necessary  at  all  to  use  the  series  expression  for  (66)  as 
given  by  (67),  the  number  of  terms  indicated  above  is  ample. 

Having  the  first  approximation  to  ai  as  given  by  ai^,  the 
first  approximation  to  a2  is 

«2,  =  -(|+ai,j.  (68) 

With  the  first  approximate  values  of  the  roots  as  determined 
by  equations  (62)  and  (66),  a  new  approximation  may  be  made 
which  will  usually  give  results  accurate  to  five  or  six  places. 

The  procedure  to  be  followed  should  be  evident. 

By  (586)  and  (58d),  one  has  for  the  second  approximation 
to  the  values  of  /S, 
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Solving  (69)  for  ^i. 


(69) 


^1./ 


Let 


C/  =  Q   —  -—  +  a2^  —  2aijQ!2,. 


+  >S  =  0. 


(70) 


(71) 


Substituting  V  in  equation  (70) 

^12^    -    ([/    -    aii2)^^^2    _    ^^IJJ  +   ^    =    0, 


/3l2'    = 


(C7  -  ai,2)  +  V(C/  -  o!u2)2  +  4(aii2f/  -  ^) 


^22'    =V   -    ^21^    -   /3l2'. 


(72) 


Equation  (72)  gives  the  second  approximation  to  the  values 
of  jS  and,  as  stated  above,  they  will  usually  be  sufficiently  accurate. 
In  the  first  equation  of  (72)  the  plus  sign  is  to  be  used  before  the 
radical. 

The  second  approximation  to  the  values  of  a  is  made  in 
identically  the  same  manner  as  indicated  by  equations  (65), 
(66),  and  (67). 

Let 


7i  =  2/312^  -2^22'-y, 
Wi  =  4P2i3i22  -  4PP, 


Ui  = 


(73) 


Then 


«12    = 


Fi  -  ^IVl^  +  TFi        Wi 


2P 


4PFi 


(-  1  +  lui 


«22    =     -   I    ^  +    «12    )   • 


-i^^i^ +•••),     (74) 
(75) 


Though  this  method  of  approximation  as  given  above  may 
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appear  rather  long  and  perhaps  complicated  in  its  development, 
when  applied  to  numerical  cases  its  use  is  very  simple  and  rapid, 
as  long  as  one  can  be  certain  that  it  is  applicable  at  all — that  is, 
that  the  discharge  is  oscillatory  with  not  too  high  damping. 

If  it  is  desired  to  make  further  approximations  to  the  values 
of  a  and  (3  after  having  the  numerical  values  of  the  second  approxi- 
mation, a  12,  a22,  iSi2,  and  1822,  by  the  expressions  given  above,  it  is 
only  necessary  to  repeat  the  same  operations,  following  the  same 
formulae,  (71),  (72),  (73),  and  (74). 

The  General  Solution  op  Equation  (6) 

To  solve  equation  (6)  in  the  general  case  where  it  is  not 
possible  to  use  the  approximation  method  just  given,  either 
Descartes',  Ferrari's,  or  Euler's  solution  for  the  biquadratic 
may  be  used  without  hypothesis  as  to  the  nature  of  the  roots. 

For  convenience  in  reference,  Euler's  solution  is  reproduced 
here  in  detail. 

The  given  equation  is 

m'  +  Pm'  +  Qm^  -\-  Rm  -\-  S  =  0.  (76) 

The  values  of  P,  Q,  R,  and  S  are  given  by  (58)  or  (44a). 
Remove  the  m^  term  from  (76)  by  placing 

P 

m  =  y  +  a,         a  =  —  — .  (77) 

The  resulting  equation  in  y  is 

y'  +  Qay''  +  Ray  +  >Sa  =  0,  (78) 

the  new  coefficients  being 

Sa  =  f{a)  =  a'  +  Pa'  +  Qa^  +  Ra  +  S,' 
Ra  =  fKa)  =  4:a'  +  3Pa2  +  2Qa  +  R,        -  (79) 

Qa  =  if  Ha)  =  6a2  +  SPa  -;-  Q. 
Now  from  (78)  form  the  dependent  cubic  equation 


(80) 


t^  +  At^  +  Bt  +  C 

=  0, 

A 

Qa 
2    ' 

„           Qa'    -    ^Sa 

^  -         16        ' 

C  = 

Ra' 

64  -J 
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From  the  values  of  the  roots  of  (80)  one  can  determine  the 
desired  roots  of  the  biquadratic. 

To  solve  (80)  eliminate  the  t^  term  by 


t  =  u  -{-  b, 


h  =  - 


A 
3  ' 


givmg 
where 


u^  +  qu  +  r  =  0, 

r  =  f(h)    =¥  -{-  Ah''  -i-  Bh  +  C, 
q  =  p{b)  =  362  +  2Ah  +  B. 


(81) 
(82) 

(83) 


Now  solve   (82)   by  either  Cardan's  or  the  trigonometrical 

method,  depending  on  whether  7  +  ^  is   positive   or  negative, 

respectively. 
Cardan's  Method. — 
Let 


p  =  one  of  the  three  values  of 


-2  +  yli+h) 


s  =  one  of  the  three  values  of 

Then  for  the  three  roots 

Ui  =  p  +  s, 

U2  =  -  Up  +  s)  +  ii  V3(p  -  s), 
Us  =  -  i(p  +  s)  -  ii  V3(p  -  s).^ 


4  ^27 


1 


(84) 


(85) 


Trigonometrical  Method. 
Let 


cos  ?^^p   =    —  4r  I    — 


4J  ' 


V  =  +\  - 


4:q 
¥' 


Ui  =  V  COS  xf/,  U2  =  V  COS  (120°  +  \l/), 

Us  =  V  cos  (120°  -  \P). 


(86) 


(87) 


Having  the  values  of  u,  one  arrives  at  the  values  of  t  by  (81). 
If  it  should  happen  in  any  case  that  difficulty  arises  in  an  ac- 
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curate  determination  of  one  of  the  values  of  either  u  or  of  t, 
on  account  of  the  necessity  of  taking  differences  between  two 
large  quantities  of  the  same  order  of  magnitude,  it  is  convenient 
to  remember  that 

U1U2U3  =  —  r     and  that     tMs  =  —  C. 

By  this  relation,  if  two  of  the  values  are  accurately  determined 
and  difficulty  is  experienced  in  determining  the  third  in  the 
ordinary  manner,  an  accurate  value  can  be  obtained. 
Now 

y  =  =b  V^  ±  V^  =b  V^.  (88) 

Such  combinations  of  signs  must  be  used  in  the  above  sum  as  will 

ltd 

give  a  value  to  the  product  of  the  three  terms  selected,  of  —  —  . 

o 

There  will,  therefore,  result  four  distinct  values  of  y,  in  general. 
From  the  four  values  of  y  one  obtains  by  (77)  the  values  of  the 
roots,  m,  of  (76). 

The  preceding  formulae  for  the  general  solution  of  the  bi- 
quadratic have  been  taken  from  Carr's  Synopsis  of  Mathematics, 
and  are  given  in  the  order  most  conveniently  followed  in  com- 
puting. 

Another  convenient  method  for  the  determination  of  the 
numerical  values  of >  the  roots  is  a  logarithmic  scheme  based  on 
equations  set  up  from  the  coefficients  of  the  given  equation,  the 
resulting  equations  involving  high  powers  of  the  actual  roots. 
The  method  is  described  in  detail  in  a  paper  by  Encke.^^ 

The  formulas  given  in  this  section,  together  with  the  remarks 
offered  for  the  solution  of  the  problem  when  the  impressed 
electromotive  forces  are  trigonometric  functions  of  time,  cover 
completely  the  problem  of  determining  the  transients  in  electro- 
magnetically  coupled  circuits.  All  the  solutions  given  are 
mathematically  rigid,  and  are  for  the  general  case  of  initial 
conditions.  The  approximate  method  for  the  determination  of 
the  roots  is  also  rigid  to  the  same  extent  as  any  series  develop- 
ment, since  the  approximations  can  be  carried  along  until  sub- 
sequent approximations  cause  no  sensible  change  in  the  values 
of  the  roots  derived. 

1'  Encke,  Ueher  algemeine  Auflosung  der  numerischen  Gleichungen,  Journal 
fur  Mathematik,  von  A.  L.  Crelle,  1840. 
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The  requirements  of  a  numerical  application  of  the  formula 
have  been  borne  in  mind,  and  in  the  several  cases  carried  through 
by  the  author  no  difficulties  were  encountered  in  their  use. 

The  remainder  of  this  section  comprises  experimental  work. 

Experiment  D 

Verification  of  Equations  for  Pure  Electromagnetic  Coupling. 

Oscillatory 

To  illustrate  the  foregoing,  two  actual  cases,  under  widely 
different  conditions,  will  be  considered.  The  equations  giving 
the  secondary  current  on  discharge  of  the  primary  condenser  are 
developed  and  from  them  the  current-time  curve  is  plotted. 
To  compare  with  these  calculated  curves,  oscillograms  of  the 
actual  discharge  current  were  taken  and  are  appended,  together 
with  the  reduction  and  discussion  of  the  results. 

Experiment  D  is  illustrative  of  the  second,  or  oscillatory, 
form  of  discharge — equations  (27)  to  (32). 

Following  are  the  computed  results  for  the  circuit  constants 
designated. 

Value  Logarithm 

Li 0.1131  9.053463  -  10 

Ci 3.7345  m.  f.  4.572232  -  10 

ri 12.00  1.079181 

1/2 0.4640  9.666518  -  10 

Ci 1.0000  m.  f.  4.000000  -  10 

ra 30.00  1.477121 

M 0.05830  8.765669  -  10 

In  the  following  all  numbers  are  expressed  by  their  logarithms 
unless  otherwise  specified.  To  indicate  a  zero  quantity  (0)  is 
used. 

By  (58),  equations  (6)  or  (57)  become 

m^  +  2.261455  m?  +  6.685141  m^  +  8.610849  m 

(I) 
+  12.736867  =  (0). 

P  =  2.261455,         R  =    8.610849, 

Q  =  6.685141,         S  =  12.736867. 

The  two  methods  of  solution  of  the  biquadratic  are  illustrated 
here.  For  the  criterion  for  the  approximation  method  one  has, 
numerically 
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ri2  =  144.0,  Ti"  =  900.0, 

4Li  4L2 

v.-  =      0.121  X  10^         -77-  =       1.856  X  10^ 
C 1  C2 

Comparison  of  the  above  magnitudes  indicates  clearly  that 
the  discharge  will  be  oscillatory,  with  comparatively  low  damping. 


Solution  by  the  General  Method 
Again  logarithmically,  by  (77) 

P 

a  =  -  ~  =  -  1.659395.  (II) 

The  negative  sign  before  the  logarithm  does  not  signify  a  nega- 
tive logarithm,  but  that  the  number  represented  by  it  is  negative. 
The  new  equation  in  y  is,  by  (78)  and  (79), 


?/  +  6.684018  7/2  -  7.521249  y  +  12.736187  =  (0), 
Qa  =  6.684018,      Ra  =  -  7.521249,      Sa  =  12.736187. 

By  (80)  the  dependent  cubic  is 

('  +  6.382988  (-  +  10.985377  t  -  13.236318  =  (0), 
A  =  6.382988,      B  =  10.985377,       C  =  -  13.236318. 

By  (81) 


(III) 


(IV) 


5  =  -  --  =  -  5.905867.  (V) 

By  equations  (82)  and  (83)  the  new  cubic,  free  from  the  t^ 
term,  is, 

u'  -  12.266707  u  +  17.984963  =  (0),  ^ 

r  (VI) 

q  =  -  12.266707,         r  =  17.984963.  J 

Equation  (VI)  is  soluble  by  the  trigonometrical  method,  since 
-  +  —  is  negative. 

By  (86) 
V  =  6.195823,      cos  3^  =  -  9.999554,      i/^  =  59°  08'  03''. 
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From  which 

ui  =       5.905966,  >| 

U2  =  -  6.195773,  I  (VII) 

U3  =       5.883223.  J 

ti  =  Ui  -\-  b  would  be  very  inaccurate  in  its  determination, 
as  the  difference  between  the  quantities  5.905966  —  5.905867. 
Therefore  proceed  as  follows: 


C 


^2  =  ^2  +  6  =  -  6.375604, 
t,  =  us  +  h  =  -  4.611763, 
2.248951. 


(VIII) 


Then  by  (88) 

y  =  dz  1.124476  =t  j3.187802  ±i2.305881, 
yi  =  -   1.124476  +  i3.241358,     y^  =   1.124476  +^3.126700, 
?/2  =  -1.124476  -i3.241358,     y,  =   1.124476  -^3.126700. 

By  (77) 


(IX) 


(X) 


mi  =  -  1.770590  +  j3.241358, 

m2  =  -  1.770590  -^3.241358, 

mz=  -  1.509553  +i3.126700, 

m4  =  -  1.509553  -j3. 126700. 
Then  in  (27) 

ai=  -  1.770590,         a2=  -  1.509553, 
iSi  =       3.241358,         ^2  =       3.126700 
As  a  check  on  the  numerical  values  of  the  roots,  the  product 
/(m)  =  (m  —  mi){m  —  m2){m  —  mz){m  —  m^) 

=  m^  +  2.261456  m^  +  6.685142  m}  +  8.610850  m 

+  12.736865, 

which  is  to  be  compared  with  (I).  The  greatest  difference  to  be 
noted  in  the  values  of  the  coefficients  is  two  units  in  the  last 
place  of  the  six-place  logarithms,  thereby  indicating  the  accuracy 
of  the  roots. 
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Solution  by  the  Approximation  Method 
By  direct  substitution  in  (62) 

/5u2  =  6.482667,        ^2,^  =  6.253399, 


(XI) 
)8ii  =  3.241334,  ^21  =  3.126700. 

The  above  first  approximation  gives  (3  approximately  accurate 
to  five  places  in  the  logarithm. 
By  the  series  formula,  (67) 

ail  =  -  1.770522,         0:21  =  -  1.509676.  (XII) 

These  first  approximate  values  of  a  have  a  four-place  accuracy 
by  comparison  with  (X). 

By  (72)  the  second  approximation  to  /3  gives 

13,^2  =  6.482712,         iSss'  =  6.253407, 


(XIII) 
/?i2  =  3.241356,  1322  =  3.126703. 

Comparing  the  above  with  (X)  one  notes  that  the  values  of  ^ 
as  derived  by  the  approximation  method  are  practically  coin- 
cident with  those  derived  by  the  general  solution,  the  difference 
of  three  units  in  the  last  place  of  the  six-place  logarithm  being 
no  more  than  might  be  introduced  in  the  computation  by  inter- 
polations. 

Substituting  the  ^bove  values  of  j8  in  equations  (73)  and  (74) 
one  determines  as  the  new  values  of  a, 

ai2  =  -  1.770589,         0:22  =  -  1.509553.  (XIV) 

These  values  of  a  are  in  completely  satisfactory  agreement 
with  those  of  (X),  and  therefore  it  is  evident  that  no  further 
approximations  would  yield  better  results,  unless  seven-place 
logarithms  were  used. 

In  this  particular  case,  the  determination  of  the  four  roots 
by  the  approximation  method  was  much  less  laborious  than  by 
the  general  method,  in  fact  only  about  one-third  of  the  time  being 
required  even  for  the  two  approximations,  while  the  results 
obtained  are  equally  accurate. 

Integration  Constants 

Having  the  values  of  the  roots,  the  evaluation  of  the  inte- 
gration constants,  giving  the  secondary  current  on  discharge  of 
the  primary  condenser,  Ci,  is  carried  out. 
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The  following  are  the  initial  conditions: 

es,;  =  E,       esj'  =  0,       ii„  =  0,       t2,  =  0,       Ci  =  0,       es  =  0. 

By  (12)  and  (13),  continuing  with  logarithms,  to  five  places 

Gi  =  0.975Q2E,         G^  =  -  0.07477J5;. 
By  (16) 

H2  =  2.33622E'. 

Substituting  these  values  in  (30)  after  having  made  the 
elimination  by  the  first  equation,  F3  =  —  Fi,  for  the  condition 
that  i2o  =  0,  one  has  for  the  three  simultaneous  equations, 

4.13190/^1  +  6.75814i^2  +  6.87305^4  =  (0), 

-  I.4255IF1  +  3.24136^2  +  3.12670/^4  =  -  0.07477^,  \    (XV) 

I 
6.09488/^1  +  5.31298/^2  +  4.93728/^4  =  -  2.33622E'.  J 

Solving  this  equation  for  F, 

Fi  =       5.05142  -  10^,         F2  =  -  7.21991  -  lOE, 
Fs  =  -  5.05142  -  10£',         F,  =       7.10500  -  lOE. 


(XVI) 


Converting  j8  to  degrees  from  radians,  expressing  all  numbers 
naturally  instead  of  by  logarithms,  simplifying  the  form  of 
expression  by  equations  (31)  and  (32),  and  finally  giving  to  E  a, 
value  of  one  thousand  volts,  the  complete  equation,  by  (29), 
becomes 

i2  =  1.6593  sin  (99880°^  +  179°.611)e-^8.964^ 

(XVII) 
+  1.2736  sin  (76704°^  -       0°.506)t-32.326«  amperes. 

Though  the  above  equation  for  current  is  for  a  value  of  E 
of  1000  volts,  the  current  for  any  other  value  of  initial  condenser 
potential  will  be  proportional  to  that  value. 

Experimental  Verification 

Having  given  equation  (XVII)  as  the  complete  expression 
for  the  secondary  current  under  the  specified  initial  conditions, 
it  is  to  be  shown  here  that  it  is  exactly  fulfilled  in  practice.  The 
self-inductances  and  mutual  inductance  used  in  the  calculations 
are  the  values  belonging  to  two  coils  when  placed  in  juxtaposition 
and  held  by  a  clamp.     The  capacities  are  those  of  two  condensers 
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which  were  available.  These  two  condensers  have  been  de- 
scribed in  Section  I,  so  a  repetition  is  unnecessary  here.  At  the 
time  of  this  test,  the  value  of  the  capacity  of  the  Ruhmer  con- 
denser as  referred  to  the  standard  one  micro-farad  condenser 
was  as  given  for  the  calculations,  3.7345  m.f.  Since  the  oscilla- 
tions take  place  at  a  frequency  approximating  250  cycles  per 
second,  the  effective  resistances  of  the  coils  plus  their  respective 
condensers  were  determined  for  this  frequency,  and  to  the  value 
thus  determined  was  added  sufficient  non-inductive  resistance  ta 
bring  the  total  values  up  to  12.00  and  30.00  ohms  for  the  primary 
and  secondary,  respectively.  The  values  of  the  effective  re~ 
sistance  of  the  combinations  are  as  given  in  Table  II  of  Section  I.. 

A  portion  of  the  secondary  circuit  consisted  of  the  vibrator^ 
or  galvanometer  loop  of  an  oscillograph. 

With  the  secondary  circuit  containing  the  oscillograph  con- 
tinuously closed,  the  primary  circuit  was  opened  and  its  con- 
denser charged.  The  charging  battery  was  then  disconnected 
and  the  oscillogram  taken  of  the  secondary  current  on  the 
discharge  of  the  primary  condenser  following  the  closing  of  the 
switch  in  the  primary  circuit.  On  the  same  oscillogram  was 
taken  an  alternating  current  wave  of  known  frequency  to  serve 
as  a  timing  wave. 

In  figure  12  are  shown  two  oscillograms  taken  under  these 
conditions.  The  lower  one  (a)  shows  the  entire  transient  more 
clearly  than  the  upper  one  (6),  but  it  is  to  be  noted  that  at  the 
beginning  of  the  discharge  there  is  a  slight  discontinuity,  due 
probably  to  a  defective  contact  at  the  closing  switch  in  the 
primary  circuit.  For  this  reason  the  curve  h  was  used  for  the 
purpose  of  measurement,  since  measurements  were  taken  over 
only  a  portion  of  the  discharge  period.  The  frequency  meter 
used  with  the  alternating  current  timing  wave  indicated  a 
frequency  of  59.5  cycles  per  second. 

On  oscillogram  b  the  heights  of  the  ordinates  were  measured 
for  every  0.00040  second  of  time.  Also,  from  equation  (XVII) 
values  of  current  were  computed  for  equal  time-intervals.  The 
two  sets  of  values  (measured  from  oscillogram  and  computed) 
are  to  be  compared,  which  can  be  done  after  both  have  been 
reduced  to  the  same  scale.  To  do  this,  the  value  of  the  ratio, 
sum  of  numerical  values  of  computed  ordinates  (regardless  of 
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sign)  divided  by  the  similar  sum  of  measured  ordinates,  was 
used  as  a  factor  to  bring  the  measured  ordinates  to  the  same 
scale  as  the  computed  ordinates.  The  two  sets  of  values  are 
thus  brought  to  a  comparable  basis. 

No  attempt  was  made  to  calibrate  the  oscillograph  galvanom- 
eter and  by  this  means,  from  the  measured  ordinates,  to  check 
the  actual  current  values  against  the  computed  values  by  know- 
ing the  initial  value  of  the  condenser  potential,  for  it  was  found 
that  the  leakage  in  the  condenser  circuit  was  sufficient  to  lower 
the  condenser  potential  considerably  during  the  interval  between 
disconnecting  the  charging  battery  and  closing  the  discharge 
switch,  thus  introducing  a  considerable  source  of  error.  That 
the  actual  shape  of  the  discharge  wave  corresponds  with  the 
computed  curve  is  considered  a  sufficient  verification  of  the 
previous  equations. 

It  might  be  thought  that  the  discharge  in  the  secondary 
circuit  occurring  on  the  interruption  of  a  given  current  in  the 
primary  would  offer  a  means  of  arriving  at  this  absolute  check. 
It  undoubtedly  would,  were  it  not  for  the  fact  that  the  inter- 
ruption of  a  current  flowing  through  the  inductance  of  the 
primary  circuit  would  cause  a  spark  to  pass  between  the  points 
of  opening,  and  therefore  influence  the  shape  of  the  discharge 
current  wave.  Had  an  oil  switch  been  available,  this  scheme 
would  have  been  attempted. 

Table  XIV,  opposite,  gives  the  results  of  the  measurement  of 
oscillogram  {h)  and  the  computations  from  equation  (XVII). 

In  this  table  are  assembled  for  comparison  values  of  ^2, 
the  calculated  current  in  the  secondary  for  an  initial  primary 
condenser  voltage  of  1,000  volts,  and  y' ,  the  actual  measured 
ordinate  representing  the  secondary  current  corrected  for  scale 
differences.  It  is  to  be  noted  that  the  discrepancy  is  generally 
less  than  would  be  caused  by  an  error  of  0.04  cm.  in  the  deter- 
mination of  the  height  of  the  oscillogram  ordinate.  Noting  the 
steepness  of  the  curve  as  given  by  the  oscillogram  (figure  12,  6), 
it  is  seen  that  an  error  of  this  magnitude  is  readily  made,  since 
the  possibility  for  such  lies  both  in  the  location  of  the  ordinate 
and  again  in  the  determination  of  its  height  after  being  located. 

Figure  13  shows  the  curve  representing  the  secondary  current 
under  these  conditions  of  discharge  as  plotted  from  the  com- 
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puted  values  of  current,  i2.  It  was  at  first  intended  to  show  on 
this  curve  the  location  of  the  measured  ordinates  of  the  oscillo- 
gram, but  it  was  found  that  the  discrepancies  were  too  small  to 
permit  of  this,  the  computed  and  observed  points  falling  so 
close  together  as  to  prevent  a  clear  differentiation. 


TABLE 

XIV 

/ 

y 

y' 

iz 

t 

y 

y' 

i2 

0.0000 

0 

0 

0 

0.0100 

1.65 

1.59 

1.5792 

0.0004 

-  0.40 

-  0.39 

-  0.4003 

0.0104 

1.56 

1.50 

1.4845 

0.0008 

-0.49 

-  0.47 

-  0.4724 

0.0108 

0.88 

0.84 

0.8197 

0.0012 

-  0.11 

-  0.11 

-  0.1213 

0.0112 

0.08 

0.08 

0.0557 

0.0016 

0.52 

0.50 

0.4923 

0.0116 

-  0.70 

-0.67 

-  0.6.566 

0.0020 

1.10 

1.06 

1.0329 

0.0120 

-  1.07 

-  1.03 

-  1.0156 

0.0024 

1.20 

1.16 

1.1650 

0.0124 

-0.98 

-  0.94 

-  0.9569 

0.0028 

0.71 

0.68 

0.7334 

0.0128 

-  0.61 

-0.59 

-  0.5903 

0.0032 

-  0.12 

-  0.12 

-  0.1431 

0.0132 

-  0.14 

-0.13 

-  0.1245 

0.0036 

-  1.05 

-  1.01 

-  1.1090 

0.0136 

0.25 

0.24 

0.2393 

0.0040 

-  1.81 

-  1.74 

-  1.7290 

0.0140 

0.41 

0.39 

0.3932 

0.0044 

-  1.79 

-  1.72 

-  1.6887 

0.0144 

0.36 

0.35 

0.3518 

0.0048 

-  0.98 

-  0.94 

-  0.9475 

0.0148 

0.24 

0.23 

0.2287 

0.0052 

0.20 

0.19 

0.2301 

0.0152 

0.11 

0.11 

0.1148 

0.0056 

1.43 

1.38 

1.3794 

0.0156 

0.12 

0.12 

0.1055 

0.0060 

2.16 

2.08 

2.0313 

0.0160 

0.18 

0.17 

0.1710 

0.0064 

2.00 

1.93 

1.9128 

0.0164 

0.23 

0.22 

0.2247 

0.0068 

1.10 

1.06 

1.0634 

0.0168 

0.20 

0.19 

0.1707 

0.0072 

-  0.10 

-0.10 

-  0.1820 

0.0172 

0.00 

0.00 

-  0.0282 

0.0076 

-  1.33 

-  1.28 

-  1.3350 

0.0176 

-  0.30 

-  0.29 

-  0.3239 

0.0080 

-  2.00 

-  1.93 

-  1.9560 

0.0180 

-  0.60 

-  0.58 

-  0.5898 

0.0084 

-  1.94 

-  1.87 

-  1.8303 

0.0184 

-  0.72 

-  0.69 

-  0.6751 

0.0088 

-  1.06 

-  1.02 

-  1.0447 

0.0188 

-  0.55 

-  0.53 

-  0.5158 

0.0092 

0.19 

0.18 

0.0641 

0.0192 

-  0.13 

-  0.12 

-  0.1103 

0.0096 

1.14 

1.10 

1.0580 

0.0196 

0.46 

0.44 

0.4742 

0.0100 

1.65 

1.59 

1.5792 

0.0200 

0.87 

0.84 

0.8169 

Xy  =  38.35,  Sf2  =  36.9389.         Ratio  =  36.9389  :  38.35  =  0.962. 

t  =  time  in  seconds.         y  =  measured  ordinate,  cm.         io  =  computed  value, 

y'  =  0.9Q2y.         Compare  y'  and  ^2. 

The  satisfactory  nature  of  the  results  of  this  experiment  are 
perhaps  best  indicated  by  a  consideration  of  the  current  values 
for  an  elapsed  time  of  0.014  to  0.017  second.  At  this  time  the 
values  of  current  are  quite  small,  being  small,  however,  as  the 
difference  between  two  rather  large  waves.  Since  the  curves, 
measured  and  computed,  coincide  at  the  portions  where  a  greater 
amplitude  is  obtained  on  account  of  the  additive  relation  of  the 
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two  separate  waves,  and  also  coincide  at  the  portion  of  the  curve 
where  the  two  waves  are  of  opposite  sign,  it  is  evident  that  the 
separate  waves  must  have  been  determined  with  exactness. 
Also,  the  damping  constants  as  computed  are  undoubtedly 
correct,  for  a  very  small  change  in  the  damping  of  the  separate 
waves  would  have  made  itself  felt  appreciably  at  the  portion 
of  the  curve  where  the  separate  waves  are  subtractive. 

Considering  the  almost  completely  satisfactory  character  of 
the  results  of  this  work,  there  is  very  little  opportunity  for  com- 
ment. It  is  to  be  regretted  that  time  did  not  permit  of  a  more 
complete  set  of  oscillographic  results,  depicting  both  the  primary 
and  secondary  currents,  and  so  arranging  the  work  as  to  make 
it  possible  to  secure  a  thorough  numerical  check  of  the  absolute 
current  values  by  means  of  calibrated  oscillograph  vibrators. 

Instead  of  doing  the  above,  it  was  deemed  better  to  include 
an  oscillogram  similar  to  the  one  given  in  the  preceding  case,  for 
a  circuit  in  which  the  damping  was  high,  as  compared  with  the 
one  just  given. 

Experiment  E 
Semi-oscillatory  Discharge 

Experiment  E,  to  follow,  is  similar  to  the  one  previously 
given,  except  that  it  is  intended  to  illustrate  the  third,  or  semi- 
oscillatory  case  of  discharge. 

All  the  circuit  constants  used  were  the  same  as  given  for 
Experiment  D,  with  the  exception  of  the  resistances,  which  were 
assigned  higher  values,  in  order  that  the  damping  might  be  more 
pronounced. 

ri  =     100.0  ohms,         log  ri  =  2.000000, 

r2  =  1500.0  ohms,         log  r^  =  3.176091. 

Following  the  same  procedure,  the  biquadratic  becomes,  in 
logarithms, 

m^  -f  3.643653  m^  -\-  6.897200  m}  +  10.009509  m 

+  12.736867  -  (0),     (XVIII) 
P  =  3.643653,         R  =  10.009509, 
Q  =  6.897200,         >S  =  12.736867. 
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In  this  case,  the  criteria  for  the  apphcation  of  the  approxi- 
mation method  are,  numerically, 


ri2  =  lOS 
4Li 


Ci 


=     0.121  X  10^ 


7-2^  =  2.25  X  10^ 
4L2 


Cs 


=  1.856  X  10^ 


From  the  above  it  is  evident  that  the  approximation  method 
is  not  applicable. 

Following  the  general  method. 


«=--=-  3.041593. 
4 

By  (78)  and  (79) 
Qa  =  5.796294,      Ra  =  9.545701,      Sa  =  -  11.802644, 
y'  +  5.796294  y''  +  9.545701  y  -  11.802644  =  (0). 

The  dependent  cubic  is,  by  (80) 

A  =  5.495264,      B  =  11.262838,      C  =  -  17.285222, 
t'  +  5.495264  t^  +  11.262838  t  -  17.285222  =  (0), 

h  =  --  =  -  5.018143. 

By  (82)  and  (83) 

q  =  11.177676,         r  =  -  17.321560, 
u'  +  11.177676  u  -  17.321560  =  (0). 

This  last  equation  is  soluble  by  Cardan's  method. 

By  (84) 

p  =  5.774268,         s  =  -  4.926243, 
and  by  (63) 

ui  =       5.707807, 

U2  =  -  5.406777  +  ^5.769426, 

u,  =  -  5.406777  -  j5.769426. 

^1  =       5.608539, 

t2  =  -  5.555584  +  J5.769426, 

^3  =  -  5.555584  -  i5.769426.  _ 


(XIX) 


(XX) 


(XXI) 
(XXII) 

(XXIII) 


(XXIV) 


(XXV) 


Adding  b 


(XXVI) 
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To  complete  the  solution  it  becomes  necessary  to  extract  the 
square  root  of  the  above  complex  values  of  t.  To  do  this,  put 
each  complex  expression  in  the  form  of  a  scalar  with  its  angle,  as 

ti  =  5.608539  [0^, 

t2  =  5.838344  /+  121°  25^  54^^5,  -    (XXVII) 

ts  =  5.838344  /-  121°  25^  54^5, 

V^  =  ±  2.804270  /O^, 

^2  =  dz  2.919172  /+60°  42^  57^^25,  [    (XXVIII) 

V^  =  d=  2.919172  /-  60°  42^  57^^25. , 

Taking  such  values  of  the  above  as  will  give  a  product  —  -^  , 

o 

one  has  on  adding  the  three  terms  in  such  a  combination,  by 
equation  (88) 


(XXIX) 


(XXX) 


yi  =  -  2.804270  +   2.909634  =       2.242925, ' 

2/2  =  -  2.804270  -    2.909634  =  -  3.161170, 

ys  =       2.804270  +i3. 160821, 

2/4  =       2.804270  -  i3. 160821. 

Then  by  (77),  adding  a, 

mi  =  -  3.239974  +   2.909634  =  -  2.966400, 

m2  =  -  3.239974  -    2.909634  =  -  3.406513, 

ms  =  -  2.665877  +^3. 160821, 

m,  =  -  2.665877  -  J3.160821. 

Substituting  the  above  values  of  the  roots  in  equation  (56) 
one  obtains  for  the  original  function,  as  a  check, 

P  =  3.643653,         R  =  10.009516, 
Q  =  6.897202,         S  =  12.736877. 

The  greatest  difference  between  the  above  values  and  the  original 
coefficients  is  ten  units  in  the  last  place  of  the  six-place  logarithm. 
The  results  are  then  accurate  to  five  places.  Looking  over  the 
numerical  work  to  determine  where  such  an  error  might  arise,  it 
was  noted  that  in  computing  from  equation  (84),  difficulty  might 
be  encountered  in  obtaining  an  accurate  value  of  s  if  the  value  of 
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~  is  small  in  comparison  with  j  .     This  was  actually  the  case, 

which  accounts  for  the  introduction  of  this  error  of  ten  units  in 
the  result.  However,  as  the  subsequent  computations  are  done 
with  five-place  logarithms,  there  is  no  need  of  ehminating  the 
discrepancy.  To  avoid  the  difficulty  mentioned  above,  as  a 
possibility  of  (84),  it  is  convenient  to  develop  the  expression 
for  s  in  a  series  after  the  manner  of  (67). 

Integration  Constants 
From  (XXX)  and  (33) 

X  =  -  3.239974,         a  =  -  2.665877, 

(XXXI) 
7  =       2.909634,         /3  =        3.160821. 

For  initial  conditions,  let  all  values  be  zero  except  the  po- 
tential difference  of  condenser  1,  the  same  as  in  the  previous  case. 
Let  ezj  =  E. 

By  (12)  and  (16) 

Gi  =  0.975Q2E,        G2  =  -  0.07477E', 

(XXXII) 
H2  =  3.71842E'. 

Substituting  the  above  in  (35)  and  eliminating  Fz  by  the 
relation  Ti  -^  F^  =  (0),>for  the  case  in  hand, 

6.729087^1  +  6.536727^2  +  6.79686/^4  =  (0), 

3.105297^1  -  2.909637^2  -  3.16082/^4  =  0.07477^,  [      (XXXIII) 

6.745187^1  -  6.450637^2  -  6.12773/^4  -  3.71842^'.^ 
Solving  the  above  set  of  simultaneous  equations, 

Ti  =      6.66839  -  10J5',         Fs  =-  6.66839  -  10^, 

(XXXIV) 
T2  =-  7.00356  -  lOE,        F,  =      6.19093  -  lOE. 

Converting  /3  from  radians  to  degrees,  expressing  all  numbers 
natura  ly  instead  of  logarithmically,  simplifying  the  form  of 
expression  by  (25),  (26),  (31),  and  (32),  and  finally  giving  to  E 
a  value  of  one  thousand  volts,  E  =  1000,  the  final  equation 
becomes 

12  =  -  0.89407  sinh  (812.15^  -  0.5001  l)e-i73^-"S 

(XXXV) 
+  0.49117  sin  (82974°^  +  2SS°A22)e-'''-'^'. 
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Experimental  Verification 

Following  the  same  procedure  as  described  for  the  previous 
case  an  oscillogram  was  taken  of  the  secondary  current  on  dis- 
charge of  the  primary  condenser,  with  the  circuit  constants  the 
same  numerically  as  were  used  for  the  computations. 

Figure  14  gives  the  oscillographic  record.  On  this  oscillogram 
was  taken  a  timing  wave,  which,  however,  is  scarcely  visible  in 
the  reproduction.     From  it  the  time  intervals  were  determined. 

Current  values  were  computed  from  equation  (XXXV)  and 
oscillogram  ordinate  heights  measured  for  time-intervals  of 
0.0002  second.  Reduction  of  measurements  and  computations 
to  the  same  scale  is  as  indicated  in  the  preceding  case.  One 
exception  in  similarity  of  procedure  is  to  be  noted.  On  account 
of  the  very  short  duration  of  the  transient  and  of  the  steepness 
of  the  first  portion  of  the  curve,  it  was  thought  probable  that  the 
representation  by  the  oscillogram  would  not  coincide  exactly 
with  the  computed  current  values,  as  a  result  of  the  inertia  of  the 
vibrator.  This  would  not  be  noticeable  to  such  an  extent  in  the 
preceding  case,  since  the  current  builds  up  more  slowly.  For 
this  reason,  the  apparent  time-interval  from  0  to  the  first  inter- 
section of  the  current  curve  with  the  axis,  is  slightly  greater 
in  the  oscillogram  than^on  the  curve  indicating  the  computed 
results.  Since  the  greater  portion  of  the  error  introduced  in 
this  manner  by  the  inherent  inability  of  the  oscillograph  vibrator 
to  follow  accurately  such  a  rapidly  varying  quantity  would 
undoubtedly  occur  in  the  first  portion  of  the  curve,  the  location 
of  the  zero  point  on  the  oscillogram  was  determined  by  measuring 
back  from  the  first  intersection  with  the  zero  axis  a  distance 
equal  to  the  time  interval  indicated  by  the  computed  curve. 
This  throws  almost  the  entire  error  into  the  first  two  or  three 
ordinates. 

The  table  below  gives  tne  results  of  the  computations  from 
equation  (XXXV)  and  of  the  oscillograph  measurements. 

Table  XV  gives  the  data  to  be  compared.  The  discrepancies 
in  this  case  are  considerably  greater  than  those  for  the  previous 
one,  and  are  brought  about  in  part  by  the  added  difficulty  in 
measurement  of  the  ordinates  on  the  oscillogram,  and  un- 
doubtedly, to  some  extent,  by  inherent  inaccuracies  introduced 
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TABLE 

XV 

t 

y 

y' 

it 

0 



0 

0.0002 

-3.30 

-  0.164 

-  0.1493 

0.0004 

-3.36 

-  0.167 

-  0.1748 

0.0006 

-  2.52 

-  0.125 

-  0.1341 

0.0008 

-  1.16 

-  0.058 

-  0.0641 

0.0010 

+  0.37 

+  0.018 

+  0.0112 

0.0012 

1.70 

0.085 

0.0775 

0.0014 

2.70 

0.134 

0.1268 

0.0016 

3.21 

0.160 

0.1559 

0.0018 

3.36 

0.167 

0.1647 

0.0020 

3.14 

0.156 

0.1558 

0.0022 

2.58 

0.128 

0.1328 

0.0024 

1.87 

0.093 

0.1003 

0.0026 

0.99 

0.049 

0.0627 

0.0028 

0.28 

0.014 

0.0246 

0.0030 

-0.40 

-  0.020 

-  0.0108 

0.0032 

-  1.00 

-  0.050 

-  0.0407 

0.0034 

-  1.36 

-  0.068 

-  0.0631 

0.0036 

-  1.53 

-  0.076 

-  0.0775 

0.0038 

-  1.67 

-  0.083 

-  0.0837 

0.0040 

-  1.63 

-  0.081 

-  0.0826 

0.0042 

-  1.48 

-  0.074 

-  0.0752 

0.0044 

-  1.26 

-  0.063 

-  0.0632 

0.0048 

-0.55 

-  0.027 

-  0.0324 

0.0052 

0 

0 

-  0.0023 

0.0056 

+  0.40 

+  0.020 

+  0.0185 

0.0060 

0.50 

0.025 

0.0268 

0.0064 

0.45 

0.022 

0.0243 

0.0068 

0.22 

0.011 

0.0150 

0.0072 

0.0039 

0.0076 

-  0.0049 

0.0080 

-  0.0096 

0.0084 

-  0.0101 

y  =  measured  ordinate  in  arbitrary  units. 

1*2  =  computed  value  of  secondary  current  for  1,000  volts  primary  condenser 
voltage  initially. 

S?/  =  43.32,  S^2  =  2.1507  (neglecting  last  four  values). 

2.1507 
Ratio  =  ~^^  =  0.0497,        y'  =  0.0497?/. 

Compare  y'  and  i^. 

by  the  oscillograph  vibrator  when  used  on  a  transient  of  such 
short  duration. 

Figure  15  gives  the  current  curve  as  plotted  from  the  calcu- 
lated values.     The  ordinates  as  measured  on  the  oscillogram  and 


258 


University  of  California  Publications.      [Engineering 


o 

-e 

<0 

X 

/ 

I 

U^ 

I 

^ 

" 

VO 

• 
1 

i 

V 

^ 

( 

^ 

B 

*>       \«1 

5   ^ 

\ 

\ 

"K. 

«a 

^ 

lb 

V 

> 

<^          , 

/ 

r 

>o^ 

^^£1^ 

^^^-c?'^ 

r). 

^ 

"M 

< 

NO 

grcx 

>. 

-^ 

-^ 

«0 

^ro.^...,^ 

© 

•c^ 


s 

ss 


3- 

«o 

^ 

o 

cj 

^ 

1 

1 

5? 

I 


o 

.ss 

a 

o 

o 

u 
O 

s 

bfi 
O 


O 

OS 


o 


o 

a 

o 

u 


3 
o 

o 
o 


o 

CO 


O 


02 


Vol.  1]      Per  not. — Currents  in  Coupled  Electrical  Circuits.         259 

corrected  for  scale  difference  are  indicated  by  double  circles. 
An  inspection  of  the  results  there  indicated  is  sufficient  to  show 
that  beyond  doubt  the  discharge  current  is  accurately  represented 
by  the  equation  as  given,  and  that  the  errors  in  the  location  of 
the  observed  points  arise  solely  from  inaccuracies  in  their  de- 
termination, rather  than  from  any  difference  between  the 
actual  phj^sical  phenomenon  and  its  representation  by  equa- 
tion (XXXV). 

The  effect  of  locating  the  origin  by  means  of  the  first  inter- 
section with  the  axis  is  shown  by  the  position  taken  by  the  first 
two  observational  points. 

As  a  whole,  the  results  of  this  comparison  may  be  considered 
sufficiently  satisfactory,  considering  the  difficulties  involved. 

CONCLUSION 

Equations  have  been  presented  in  this  paper  covering  in  a 
general  manner  the  phenomena  which  may  occur  in  electro- 
magnetically  and  directly  coupled  circuits.  Both  uniformly 
alternating  and  transient  phenomena  are  discussed. 

The  first  section  of  this  paper  deals  with  alternating  phe- 
nomena. Although  much  of  the  material  of  this  section  has 
been  treated  by  other  writers,  it  is  believed  that  the  present 
manner  of  treatment  and  the  completeness  of  presentation  justify 
the  inclusion  of  some  material  which  might  have  been  omitted. 
The  application  of  the  scheme  of  representation  of  alternating 
quantities  by  the  complex  notation  appears  to  the  writer  to  be 
the  most  lucid  manner  of  treatment.  In  the  first  section  several 
special  cases  are  given,  but  it  has  not  been  the  idea,  in  the 
preparation  of  the  foregoing,  to  present  many  such  cases;  only  a 
sufficient  number  being  included  to  illustrate  the  application  of 
the  general  expressions. 

Numerous  experimental  results  are  given  in  corroboration 
and  illustration  of  the  mathematical  discussion. 

The  second  section,  dealing  with  transient  phenomena  in 
coupled  circuits,  has  been  developed  with  a  view  to  securing  a 
solution  applicable  to  any  case  which  can  arise.  A  solution 
entirely  free  from  approximations  was  desired.  From  the  first 
it  was  desired  to  secure  a  solution  for  the  case  of  very  high 
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damping — a  case  for  which  not  even  approximate  solutions 
have  been  available.     This  has  been  done. 

No  attempt  has  been  made  to  avoid  the  difficulty  of  obtaining 
the  roots  of  a  biquadratic  equation,  but  rather  it  has  been  the 
aim  to  show  that  this  difficulty  is  not  too  great  to  permit  of 
numerical  work,  particularly  in  the  more  important  case  of  low 
damping  where  the  roots  are  readily  obtained  by  a  rapid  and 
accurate  series  of  approximations.  Even  in  the  general  case  the 
solution  is  readily  obtained.  Methods  are  given  for  both  the 
general  solution  and  the  solution  by  successive  approximations. 
The  determination  of  the  integration  constants  is  made  to 
depend  upon  the  solution  of  three  simultaneous  equations. 

No  specializations  whatever  have  been  made  in  this  section. 
For  the  more  important  case,  low  damping,  a  mass  of  available 
material  is  to  be  found  in  the  literature  of  the  subject  dealing 
with  various  special  topics,  all,  however,  being  based  on  certain 
approximate  solutions  or  on  a  particular  condition — usually  that 
of  resonance,  in  which  both  primary  and  secondary  circuits  are 
tuned  to  the  same  free  period  of  oscillation. 

All  of  the  equations  as  given  apply  only  to  the  currents  in 
the  respective  circuits.  If  electromotive  forces  are  desired,  they 
are  readily  obtained  either  by  differentiation  or  integration  of 
the  current  equations,  following  equation  (1). 

The  experimental  results  submitted  in  this  section  appear 
satisfactory  as  a  corroboration  of  the  mathematical  development, 
and  to  the  writer's  knowledge  constitute  the  first  direct  veri- 
fication of  exact  equations  relative  to  transients  in  coupled 
circuits  which  have  been  published. 

The  entire  paper  has  been  prepared  with  a  view  to  the  require- 
ments of  the  computer,  the  equations  being  put  into  such  form  as 
to  lend  themselves  as  readily  as  possible  to  numerical  application. 

The  writer  wishes  to  express  his  appreciation  of  the  very 
material  assistance  of  Professor  W.  J.  Raymond,  Professor  H. 
F.  Fischer,  Doctor  B.  M.  Woods,  and  Mr.  K.  V.  Laird. 


Transmitted  April  23,  1915. 
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A  GRAPHICAL  METHOD  FOR  THE 
CORRECTION  OF  STEEL  TAPES 


BY 
WALTER  SCOTT  WEEKS 


The  errors  which  occur  in  measurements  with  a  steel  tape  are 
due  to  four  causes,  which  are : 

(1)  Stretching  due  to  tension,  induced  by  pull. 

(2)  Shortening,  due  to  the  sag  of  the  tape. 

(3)  Variation  in  temperature  from  a  standard  at  which  the 
tape  is  correct  in  length  when  no  pull  is  exerted. 

(4)  Poor  manipulation. 

It  is  the  purpose  of  this  paper  to  develop  a  method  by  which 
the  work  of  calculation  of  the  errors  of  the  first  three  types  may 
be  reduced  to  a  minimum. 

The  Problem. — The  tape  is  often  used  horizontally,  and  the 
distance  measured  in  multiples  of  100  feet.  Rather  more  com- 
plicated taping  is  done  in  mine  work.  The  measurements  are 
taken  from  the  head  of  the  instrument  along  the  line  of  sight  to 
some  definite  point.  The  tape  in  use  may  be  of  any  length  and 
it  may  be  at  any  angle  with  the  horizontal.  These  facts  pre- 
scribe that  the  system  of  correction,  if  it  is  to  be  comprehensive, 
must  embrace  the  conditions  of  any  length  of  tape  and  any  angle 
of  inclination. 

It  is  the  custom  to  hold  the  portion  of  the  tape  which  is  at 
the  sighted  point  at  the  nearest  foot  mark  and  to  read  the  frac- 
tions of  a  foot  at  the  instrument.  The  spring  balance  which 
measures  the  tension  must  be  attached  to  the  ring  on  the  tape 
at  the  instrument.     This  fact  demands  that  the  tension  shall  be 
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measured  at  either  the  lower  or  the  upper  end  of  an  inclined 
tape,  for  sometimes  the  shots  ^"ill  be  inclined  downward  and 
sometimes  upward. 

The  tape  must  be  standardized  at  some  particular  pull  and 
temperature,  and  this  standardization  must  be  taken  into  con- 
sideration. 

In  order  that  the  field  work  may  not  be  complicated,  the 
requirement  should  be  made  that  on  any  particular  tape  only  one 
pull  shall  be  exerted  under  all  conditions. 

The  problem  may  be  stated  in  another  way : 

A  tape  is  sent  to  the  Bureau  of  Standards  and  standardized. 
The  tape  is  used  in  the  field  with  a  certain  computed  pull  and 
the  temperature  is  noted. 

A  chart  is  to  be  constructed  from  which  can  be  taken  in  one 
operation  the  combined  errors  in  the  measured  distance  due  to 
any  cause  whatsoever. 

Pull. — The  pull  to  be  exerted  on  the  tape  shall  be  2000  times 
the  weight  of  the  tape  per  foot.  This  pull  will  hereafter  be 
designated  as  the  working  pull. 

Limit  of  Accuracy. — The  method  of  making  the  correction 
^\ill  now  be  developed,  and  it  ^vill  be  .seen  that  the  correction  will 
be  given  with  an  error  not  greater  than  .01  ft.  The  corrections 
will  apply  to  any  length  of  steel  tape  up  to  200  feet.  The  cor- 
rections are  computed  for  steel  haA'ing  a  density  of  .283  lb.  per 
cu.  in.,  a  modulus  of  elasticity  of  29,000,000  lb.  per  sq.  in.,  and  a 
coefficient  of  linear  expansion  of  .0000065  per  degree  F. 

Stretch. — The  well-known  formula  for  the  stretch  of  a  hori- 
zontal tape  is : 

FL 

SE 
P  =  pull  in  pounds 
L  =  length  of  the  tape  in  feet 

S  =  area  of  cross-section  of  tape  in  sq.  in. 
E  =  modulus  of  elasticity  =  29,000,000 

e  =  elongation  in  feet 

Let  v:  =  vrt.  per  cu.  in.  of  tape  metal  ^^  .283  lb. 
Let  TT  =  wt.  of  1  foot  of  tape. 
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If  the  working  pull  is  substituted  in  the  formula  it  becomes : 
2000  W  L 


S  E 

IV  =  12  X  S  X  .283 

2000  X  12  X  *S'  X  .283  X  L 

e  = =  .000234  L 

S  X  E 

e  =  .000234  L 


This  is  the  stretch  when  the  working  pull  is  exerted  on  a 
horizontal  tape.  It  is  now  necessary  to  investigate  the  effect  of 
the  weight  of  the  tape  on  the  stretch  w^hen  the  tape  is  inclined. 

Obviously  the  weight  of  the  tape  will  exert  its  maximum 
effect  when  200  feet  are  in  use  and  the  tape  is  hanging  vertically. 
The  stretch  then  due  to  the  w^eight  is 

T  L 


2SE 


w^here  T  is  the  weight  of  the  tape  in  use. 

Substitute  for  T  the  value  LXS  X  -283  X  12 : 
S  X  .283  X  L-  X  12 


=  .00234  ft.,  when  L  =  200 


2X  S  X  E 

The  effect  of  the  weight  of  the  tape  wdll  ahvays  be  less  than 
this  because  the  tape  will  be  inclined  at  a  lesser  angle.  Hence 
we  may  say  that  as  far  as  the  stretch  correction  is  concerned  the 
pull  may  be  measured  at  either  the  upper  or  the  lower  end  of 
the  tape. 

The  straight  line  may  now  be  drawn  which  represents  the 
equation 

e  =  . 000234  L  (see  chart) 

The  ordinates  show  the  error  caused  by  stretch  for  all  lengths 
and  inclinations  of  the  tape. 

Sag. — Professor  E.  V.  Huntington  of  Harvard  University 
has  developed  a  method  for  computing  the  length  of  the  chord 
of  the  catenary  curve  assumed  by  a  tape  which  is  supported  at 
the  ends.*  The  formula  and  a  portion  of  the  table  are  herewith 
printed. 
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Nomenclatiire  : 

<9=:  inclination  of  tape 
TV  ^=  weight  of  tape  per  unit  length 
L  =  length  of  tape  in  use 
P  =  tension  at  upper  end 
A:  =  correction  factor  given  by  table  corresponding  to  any  given 

values  of  6  and  ii. 
W  L 


n   

P 

Length  of 

ch. 

Drd  = 

:L- 

-IL 

PORTION  OF 

TABLE 

FOR 

DETERMINING  VALUES  OF 

Ic 

e/n 

.06 

.07 

.08 

.09 

.10 

.11 

.12 

0° 

.000150 

.000204 

.000266 

.000337 

.000417 

.000505   . 

000601 

10° 

147 

200 

262 

333 

412 

500 

596 

20° 

135 

185 

242 

307 

381 

463 

554 

30° 

116 

158 

208 

265 

329 

401 

480 

40° 

91 

125 

165 

210 

261 

318 

382 

50° 

65 

90 

118 

150 

186 

226 

272 

60° 

39 

54 

71 

91 

114 

139 

167 

70° 

19 

26 

34 

43 

53 

65 

78 

80° 

5 

6 

8 

10 

13 

16 

20 

90° 

0 

0 

0 

0 

0 

0 

0 

*  L.  S.  Marks,  Mechanical  Engineers'  Handbook   (McGraw-Hill  Book 
Co.,  1916),  p.  150. 

If  we  substitute  for  F  the  value  of  the  working  pull,  the  sag 
formula  becomes  simplified : 
W  L  W  L  L 


P  2000  W        2000 

Different  values  of  L  may  now  be  substituted  and  the  cor- 
rection kL  plotted  for  different  inclinations  of  the  tape.  The 
ordinates  of  the  curves  show  the  error  caused  by  sag  for  various 
lengths  and  inclinations  of  the  tape. 

When  the  working  pull  is  exerted  at  the  upper  end  of  an 
inclined  tape 
L 


2000 


where  n^  represents  the  value  of  n  under  this  condition. 

When  the  working  pull  is  exerted  at  the  lower  end  with  a 
length  of  tape  L  in  use  and  angle  of  inclination  6,  the  pull  at  the 
upper  end  will  be  W  (2000  4-  i^  sin  ^),  and 
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n.. 


2000  +  L  sin  ^ 


where  n.^  similarly  represents  the  value  of  n  under  this  condition. 

The  greater  the  difference  in  n  in  these  two  cases  the  greater 
will  be  the  difference  in  the  length  of  the  chords  with  a  constant 
angle  of  inclination,  as  is  exhibited  in  the  table  on  page  264. 

Change 

L  1 

to  the  form 


2000  2000 


and 


to  the  form 


2000  +  L  sin  ^  2000 

\-  sin 

L 
Hence 


n ,  —  71-2 


2000       2000 

(-  sin  6 


L  varies  from  0  to  200  and  sin  6  from  0  to  1.  Hence  for  a 
given  6  the  two  fractions  in  the  right-hand  member  have  a 
maximum  difference  when  L  is  a  maximum,  viz.,  200  in  value. 

Therefore,  with  a  length  of  tape  200  feet  assumed,  if  the 
difference  in  the  chord  lengths  is  calculated  it  is  found  as  the 
angle  of  inclination  is  varied  that  at  0°  the  difference  is  zero, 
because  the  pull  at  both  ends  is  the  same.  With  increasing  angle 
the  difference  gradually  rises  to  .006  ft.  and  then  declines  again 
and  becomes  zero  at  90°,  because  at  that  point  there  is  no  sag. 
Thus  within  the  limit  of  error,  which  has  been  established,  it 
makes  no  difference  whether  the  pull  is  measured  at  the  upper 
or  the  lower  end. 

There  still  remains  to  consider  the  standardization  of  the 
tape  and  the  variation  in  length  due  to  changes  of  temperature. 

Standardization. — The  tape  will  be  standardized  supported 
throughout  its  entire  length  at  a  temperature  T  and  a  pull  P. 
The  length  of  the  tape  will  then  be  calculated  with  no  pull  and 
under  the  above  conditions  of  support  and  temperature.     The 
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temperature  at  which  the  tape  is  exactly  correct  in  length  with 
no  pull  and  entirely  supported  will  next  be  computed.  This 
temperature  is  called  the  standard  temperature  for  the  tape.  An 
example  will  illustrate  the  method  of  computing  the  standard 
temperature. 

A  200-foot  type  is  standardized  at  a  pull  of  10  lbs.  and  60°  F 
and  found  to  measure  200.06  feet. 

First— What  will  be  the  length  at  60°  F  with  no  pull? 

Let  W  =  weight  of  the  tape  per  foot.  When  the  working  pull 
is  exerted  the  pull  =  2000  W.  The  stretch  is  directly  propor- 
tional to  the  pull.  Hence  when  a  10-lb.  pull  is  exerted  the 
stretch  is 

10 

X  stretch  with  working  pull 


2000  TT 


The  stretch  with  working  pull  may  be  taken  directly  from 
the  chart  and  for  this  case  is  seen  to  be  .047. 

If  the  tape  weighs  .01  lb.  per  foot,  the  elongation  due  to  10-lb. 
pull  is 


10 

—  X  .047  =  .024 
20 


Hence  with  no  pull  the  length  would  be  200.036. 

Second — At  what  temperature  would  the  tape  measure  200 
feet  exactly? 

The  coefficient  of  expansion  for  steel  is  about  .0000065  for 
1°  F.  Two  hundred  feet  will  shorten  .0013  ft.  with  a  drop  in 
temperature  of  1°  F. 

To  shorten  the  tape  .036  ft.  the  temperature  must  be  lowered 
.036 


:=:28° 

.0013 
60-28^=32° 


Thirty-two  degrees  is  then  the  temperature  at  which  the  tape 
is  correct  in  length  with  no  pull  and  entirely  supported. 

For  this  particular  tape  32°  F  is  the  standard  temperature 
and  is  represented  on  the  chart  as  0°. 
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Temperature  Variation. — The  variations  in  the  length  of  the 
tape  due  to  variations  in  the  temperature  from  the  standard 
temperature  are  plotted  with  the  stretch  line  as  the  datum.  The 
temperature  lines  are  marked  with  the  number  of  degrees  by 
which  they  differ  from  the  standard  temperature.  If  the  stand- 
ard temperature  be  subtracted  algebraically  from  the  temper- 
ature at  which  the  tape  is  used  the  variation  in  temperature  will 
be  given.  The  variation  in  length  ^  length  in  use  X  .0000065  X 
variation  in  temperature.  The  difference  between  the  ordinate 
of  a  temperature  line  and  the  ordinate  of  the  stretch  line  for 
a  given  length  of  tape  gives  the  variation  in  length  due  to 
temperature. 

Method  of  Using  the  Chart. — An  example  will  now  illustrate 
the  method  of  using  the  chart. 

A  tape  whose  standard  temperature  is  32°  F  is  used  when 
the  temperature  is  62°  F,  the  angle  of  inclination  is  60°  and  the 
length  in  use  is  160  feet. 

The  temperature  is  30°  higher  than  the  standard.  Place  one 
point  of  a  pair  of  dividers  on  the  intersection  of  the  temperature 
line  marked  -}-30  and  the  vertical  "feet"  line  marked  160.  Place 
the  other  end  of  the  dividers  on  the  intersection  of  the  sag  curve 
marked  60°  and  the  vertical  ''feet"  line  marked  160.  Transfer 
this  distance  to  the  vertical  scale  at  the  left  where  the  correction 
is  read.    It  is  seen  to  be  .057. 

If  the  temperature  line  is  above  the  sag  line,  the  correction 
must  be  added.  If  the  sag  line  is  above  the  temperature  line, 
the  correction  must  be  subtracted.  This  results  from  the  fact 
that  when  the  tape  is  too  long  the  recorded  distance  is  too  small 
and  when  the  tape  is  too  short  the  recorded  distance  is  too  large. 

In  the  present  instance,  .057  must  be  added. 

Summary  of  Method  of  Use. — Compute  the  temperature  at 
which  the  tape  is  correct  in  length  with  no  pull  and  entirely 
supported.  This  is  the  standard  temperature.  Use  the  tape  with 
a  pull  which  equals  2000  times  its  weight  per  foot.  Subtract 
algebraically  the  standard  temperature  from  the  temperature  at 
which  the  tape  is  used  to  obtain  the  "variation  from  standard 
temperature."  Place  one  point  of  a  pair  of  dividers  on  the 
intersection  of  the  temperature  line  and  the  length  line  and  the 
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other  point  on  the  intersection  of  the  sag  line  and  the  length 
line,  and  transfer  this  distance  to  the  scale  at  the  left  where  the 

correction  is  read  in  feet. 

A  tag  should  be  tied  to  each  tape  bearing  its  working  pull 

and  its  standard  temperature. 

A  stop  can  be  placed  on  the  spring  balance  so  that  the  working 
pull  can  be  exerted  while  the  operator  gives  his  whole  attention 
to  the  reading  of  the  tape. 


Transmitted  August  1,  1916. 
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THE  ELECTROSTATIC  CAPACITY  OF 
THREE  PARALLEL  CYLINDERS 

BY 

FRED  E.  PERNOT  and  E.  N.  D'OYLY 


The  determination  of  the  capacity  per  unit  of  length  of  two 
infinitely  Jong  parallel  cylinders  by  the  method  of  successive 
images  is  given  by  J.  J.  Thomson  in  Elements  of  Electricity  and 
Magnetism.  The  fact  that  these  successive  images  lie  on  a 
straight  line  makes  possible  the  use  of  a  continued  fraction  in 
the  expression  for  the  potential  of  one  of  the  cylinders.  The 
identification  of  this  continued  fraction  as  an  expression  for  the 
inverse  hyperbolic  cosine  leads  to  a  rigorous,  closed-expression 
formula  for  the  electrostatic  capacity  of  two  such  isolated  cylin- 
ders.    The  equation  is 

1 

€2  = e.  s.  units  per  centimeter,  for  each  cylinder.      (1) 

d 
2  cosh~^  — 
2r 

where  d  =  distance  between  centers  of  conductors,  r  =  radius  of 
cylinders. 

The  method  of  successive  images  may  be  applied  to  the  case 
of  three  parallel  cylindrical  conductors  as  follows :  Figure  1 
shows  a  plane  section  at  right  angles  to  the  axes  of  three  such 
cylinders.  The  three  charges — Qa,  Qb,  and  Qc — on  the  respective 
cylinders  are  so  distributed  around  the  surfaces  of  the  conductors 
as  to  make  these  surfaces  equipotential.  Qa,  Qb,  and  Qc  represent 
the  respective  charges  per  unit  length  of  the  cylinders,  and  their 
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sum  must  be  zero,  since  the  system  is  isolated.  The  manner  of 
distribution  of  these  charges  on  the  surfaces  of  the  respective 
cylinders  is  not  known,  but  if  we  can  find  some  known  distri- 
bution of  charges  which  will  make  these  surfaces  equipotential 
the  problem  will  be  solved,  for  from  the  known  charge-distri- 
bution the  potentials  of  the  cylindrical  surfaces  may  be  deter- 
mined, and  therefore  the  capacity,  as  the  ratio  of  the  total  charge 
within  the  cylinder  to  the  potential  of  the  cylinder. 

Let  Qa,  Qb,  and  Qc  be  lineally  distributed  at  the  axes  of  the 
respective  cylinders.  To  make  the  surface  of  A  equipotential, 
we  must  insert  in  the  system  equal  and  opposite  charges  at  the 
images,  with  respect  to  the  circle  A,  of  the  respective  points 
A,  B,  and  C.  Thus  w^e  obtain  points  B.  and  C^  w^th  charges 
— Qb  and  — Qc,  respectively.  The  image  of  the  point  A  lies  at 
an  infinite  distance  and  therefore  need  not  be  considered. 
Similarly,  points  A^  and  Co  are  located  in  circle  B,  and  points 
B^  and  A.,  in  circle  C.  These  last  four  charges  located  in  cylin- 
ders B  and  C  disturb  the  previously  formed  cylindrical  equi- 
potential surface  about  the  center  of  A,  and  to  counteract  their 
effect  equal  and  opposite  charges  must  be  located  at  their  images 
in  circle  A.  The  same  process  must  be  repeated  for  the  other 
tw^o  cylinders,  and  so  on,  indefinitely. 

The  potential  at  any  point  P  is 

F  =  — 2  ^  QnlnSn  (2) 

where  >8'„  =  distance  from  the  point  P  to  the  charge  Q,,,  and 
In  S„  =  loge  Sn. 

While  theoretically  an  infinite  number  of  images  with  their 
proper  charges  are  required  to  make  all  three  cylinders  equi- 
potential surfaces,  practically  a  finite  number  suffices  because 
different  images  with  equal  and  opposite  finite  charges  approach 
each  other,  and  therefore  become  negligible  in  their  effect  upon 
the  resulting  potential  of  a  point  on  the  surface  of  a  cylinder. 
Analytical  expressions  for  the  distances  8n  to  a  point  P  on  the 
surface  of  one  of  the  cylinders  may  be  formed,  and  therefore  the 
expression  for  V,  the  potential  of  this  cylinder,  according  to 
equation  (2).  Except  in  the  case  of  two  conductors  only,  the 
resulting  expression   is   very   complicated,   so  that   a   graphical 
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method,    in    which    the    different    distances    may    be    measured 
directly,  is  preferable. 


Three  Equal  Cylindrical  Conductors  Placed  at  the  Corners 
■    OF  AN  Equilateral  Triangle 

Figure  2  shows  three  circles  representing'  such  a  system  in 
cross-section.  The  radius  of  the  circles  (cylinders)  is  r,  and  the 
distance  between  their  centers  is  d.  In  this  case  it  is  convenient 
to  separate  the  total  charge  of  each  cylinder  into  two  parts,  equal 
and  opposite  charges  being  placed  at  the  inverse  points  of  the 
centers  of  the  circles,  as  shown.    Thus 

Qi  =  Q,  —  Q,  .  (3) 

which  satisfies  the  condition  that  Qa  +  Qb  +  Qc  =  0.  Of  these 
six  charges,  four  serve  to  make  one  of  the  circles  equipotential 
(the  four  charges  lying  on  the  lines  passing  through  the  center 
of  that  circle),  while  the  effect  of  the  remaining  two  must  be 
offset  by  charges  at  their  images  within  the  circle  under  consid- 
eration. This  applies  equally  to  all  three  circles,  and  therefore 
six  additional  charges  are  introduced.  In  this  manner  successive 
series  of  charges  must  be  brought  in,  whereby,  however,  the  total 
charge  within  the  cylinder  is  not  altered. 

The  points  at  which  these  charges  are  to  be  placed  are  very 
easily  located  by  a  simple  geometrical  construction.  By  the 
definition  of  inverse  points, 

A  A2-  A  Bi  =  r^  constant,  (4) 

and  for  any  point  and  image,  for  instance  C^  and  A.,,  the  relation 

AC,.AA,=:r''  (.5) 

exists.  From  symmetry,  the  first  six  points  lie  on  a  circle  about 
0,  the  center  of  the  system,  as  shown.  Let  A  T  be  drawn  tangent 
to  the  circle  about  0.    Then,  from  the  geometry  of  the  figure, 

AT-=zAA,.AB,  (6) 

By  comparing  equations  (4)  and  (6), 

^4~T-  =  r-,  or  A  T  =  r  (7) 
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The  image  of  any  point  on  this  circle  about  0  is  another 
point  on  the  same  circle,  and  since  the  six  original  points  are 
on  the  circle  all  the  successive  images  lie  on  the  circle. 

By  construction,  OTA  is  a  right-angled  triangle,  and 
therefore 

0~T^  =  (radius  of  image-circle)^  =  0  A'^  —  r- 

= r^  (8) 

3 

To  find  the  position  of  the  image  of  a  given  point  with 
respect  to  one  of  the  circles  A,  B,  or  C,  it  is  necessary  only  to 
draw  a  line  through  the  given  point  and  the  center  of  the 
particular  circle.  The  intersection  of  this  line  with  the  image 
circle  gives  the  image  of  the  given  point. 

From  the  various  charges  so  inserted  in  the  system  and  their 
measured  distances  from  any  point,  P,  on  the  circumference  of 
any  circle,  the  potential  of  the  point  is  determined  in  terms  of 
the  charges  according  to  equation  (2).  Since  in  equation  (2) 
there  are  as  many  positive  as  negative  charges  involved,  the 
resulting  potential  of  the  point  P  depends  only  upon  the  loga- 
rithms of  distance-ratios,  and  not  upon  the  absolute  dimensions. 

d 
Figure  3  shows  the  system  of  images  for  the  case  —  =  2.05. 

r 
This  seems  to  be  the  minimum  spacing  for  which  consideration 

need  be  taken.  In  this  figure  32  charges  are  included  within 
each  conductor,  and,  as  the  numerical  data  will  indicate,  this 
number  of  charges  is  sufficient  to  yield  an  accuracy  in  the 
potential  determinations  comparable  with  the  accuracy  obtained 
in  the  measurements  of  the  distances.  To  indicate  the  manner 
of  convergence  of  the  numerical  values  of  the  potential  co- 
efficients towards  some  definite  limiting  value  with  an  increasing 
number  of  sets  of  images,  another  point,  U,  is  taken  on  the 
surface  which  contains  P,  and  the  potential  of  this  point  also  is 
determined.  If  these  two  potentials  appear  equal,  within  the 
accuracy  possible  in  the  determination  of  their  values,  a  sufficient 
number  of  images  has  been  included. 

In  table  I,  following,  are  given  the  logarithms  of  the  meas- 
ured distances  between  these  two  points  and  the  various  charges. 
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Figure  3 
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TABLE  I 

Logarithms  of  the  Distances  to  the  Points  P  and  72  for  d  =  24.000 

d 

AND  —=2.0500 
r 


I 

II 

III 

IV 

I 

II 

III 

IV 

Point 

Chg. 

Log  .1- 

Log  y 

Point 

Chg. 

Log  X 

Log  ij 

al 

—1 

0.77122 

0.36736 

al7 

2 

0.75929 

0.47914 

a2 

2 

0.77085 

1.03068 

al8 

2 

0.75664 

0.50215 

bl 

2 

0.86782 

1.12750 

al9 

] 

0.74414 

0.60119 

b2 

3 

0.97543 

1.13392 

a20 

—  1 

0.74273 

0.61098 

cl 

—3 

0.97552 

1.04626 

a21 

3 

0.72997 

0.71324 

c2 

1 

0.86794 

0.46538 

a22 

—3 

0.72916 

0.71933 

a23 

2 

0.72509 

0.76193 

a3 

3 

0.72247 

0.79316 

a24 

—2 

0.72428 

0.76849 

a4 

—3 

0.72263 

0.88138 

a25 

1 

0.72428 

0.89911 

b3 

1 

0.92967 

1.15555 

a26 

—1 

0.72485 

0.90331 

b4 

—1 

0.94719 

1.35640 

a27 

3 

0.72916 

0.92855 

cH 

2 

0.94694 

0.90859 

a28 

—3 

0.72973 

0.93171 

e4 

o 

0.92952 

0.82937 

a29 

2 

0.74257 

0.97534 

a30 

—2 

0.74398 

0.97845 

a5 

2 

0.73918 

0.63967 

a31 

1 

0.75641 

1.00574 

a6 

2 

0.73239 

0.69381 

a32 

—1 

0.75906 

1.01072 

a7 

1 

0.73199 

0.94141 

bl7 

3 

0.87967 

1.13481 

a8 

—1 

0.73894 

0.96497 

bl8 

—3 

0.88241 

1.13644 

b5 

3 

0.90200 

1.14635 

bl9 

2 

0.89603 

1.14351 

b6 

—3 

0.91121 

1.15014 

b20 

—2 

0.89757 

1.14423 

b7 

2 

0.95947 

1.15293 

b21 

1 

0.91487 

1.15143 

b8 

2 

0.96402 

1.15003 

b22 

—1 

0.91566 

1.15168 

c5 

1 

0.96417 

0.98583 

b23 

3 

0.92355 

1.15406 

c6 

—1 

0.95957 

0.96426 

b24 

—3 

0.92485 

1.15427 

c:7 

3 

0.91121 

0.74092 

b25 

2 

0.95080 

1.15582 

c8 

—3 

0.90206 

0.69197 

b26 

2 

0.95173 

1.15534 

b27 

1 

0.95670 

1.15397 

a9 

3 

0.75166 

0.54145 

b28 

—1 

0.95742 

1.15382 

alO 

—3 

0.74702 

0.57611 

b29 

3 

0.96609 

1.14829 

all 

1 

0.72762 

0.73231 

b30 

—3 

0.96656 

1.14768 

al2 

—1 

0.72632 

0.74803 

b31 

o 

0.97137 

1.14164 

al3 

2 

0.72583 

0.91217 

b32 

—2 

0.97248 

1.14044 

al4 

2 

0.72762 

0.92137 

cl7 

1 

0.97230 

1.07259 

al5 

3 

0.74679 

0.98610 

cl8 

—1 

0.97165 

1.02325 

al6 

—3 

0.75128 

0.99581 

cl9 

3 

0.96666 

0.99804 

b9 

1 

0.88807 

1.13944 

e20 

o 
— O 

0.96614 

0.99515 

blO 

—1 

0.89271 

1.14180 

c21 

2 

0.95756 

0.95501 

bll 

2 

0.91803 

1.15244 

c22 

—2 

0.95679 

0.95236 

bl2 

—2 

0.92091 

1.15324 

c23 

1 

0.95163 

0.92916 

bl3 

3 

0.95348 

1.15515 

c24 

—1 

0.95080 

0.92511 

bl4 

—3 

0.95545 

1.15455 

c25 

3 

0.92480 

0.80706 

bl5 

1 

0.96811 

1.14641 

c26 

—3 

0.92371 

0.80147 

bl6 

—1 

0.96979 

1.14426 

c27 

2 

0.91582 

0.76350 

e9 

2 

0.96988 

1.01389 

c28 

—2 

0.91482 

0.75823 

elO 

2 

0.96825 

1.00535 

c29 

1 

0.89757 

0.66736 

ell 

3 

0.95545 

0.94576 

c30 

—1 

0.89603 

0.65906 

cl2 

—3 

0.95376 

0.93747 

c31 

3 

0.88235 

0.57403 

cl3 

1 

0.92096 

0.78880 

c32 

—3 

0.87967 

0.55522 

cl4 

—1 

0.91808 

0.77481 

el5 

2 

0.89287 

0.63809 

cl6 

—2 

0.88790 

0.60863 

' 

For  example,  at  the  point  12  in  circle  C  there  is  located  a  charge  —  Q-^. 
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The  first  eoluinu  gives  the  number  of  the  point  at  which  a  charge 
is  located  and  the  circle  in  which  this  charge  appears.  The 
second  colomn  gives  the  algebraic  sign  and  the  subscript  of  the 
charge.  The  third  column  gives  the  common  logarithm  of  x. 
the  distance  between  the  point  P  and  the  charge  in  question,  and 
the  fourth  column,  the  logarithm  of  y.  the  distance  between  the 
point  R  and  the  charge. 

Adding  the  charges  in  each  cylinder,  we  find,  regardless  of 
the  number  of  sets  of  images  used, 

Qo  =  Q.  —  Q. 

Qi,  =  Q.  —  Q.  <»> 

This  equation  expresses  the  condition  that  Qa  —  Qi  -^  Qc==0^ 
as  is  necessary  for  an  isolated  system.  It  does  not  serve  to 
determine  Q^^  Q^  and  Q.^  in  terms  of  the  total  charges  within 
the  cylinders,  for  the  three  equations  in  f')  are  not  independent. 
A  fourth  equation, 

where  Q,  may  have  any  arbitrary  value,  may  be  introduced  to 
be  combined  with  ^9  i.    Solving  ^9    and  ^10"^. 

1  1 

z  z 

1          1 
Q.=      —Qc Qr  -  Q, 


Since  the  constant  amount  Q,  is  added  to  all  Hunee  ehaiigies,  it 
is  evident  that  equation  (9)  is  satisfied  regardless  of  the  magni- 
tude of  Q^, 

The  potential  of  any  pomt  is  F.  due  to  the  several  charges, 
and 

M 

2 


Voo^ll     Perme4-D 


'mpmtiiy  totf  PrnwrnUni  Vyiimd^n 


Sii 


wherv  M  is  the  modulDS  and  m^  6,  mud  c  mrt  tiie  sums  of  the  logm- 
rithnKB  to  base  10  of  the  dutancn  from  the  pomt  in  qoestion  to 
the  re^iecCnre  diaiscsu    Rjr  snhrtHiUing  (11)  in  (12  >. 
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should  be  lero.  in  oider  that  the  total  potioitial  energy  of  the 
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system,  for  given  resultant  charges,  Qa,  Qb,  and  Qc,  be  a  minimum. 

Since  the  B  and  C  coefficients  become  zero,  it  is  evident  that 
the  potential  of  the  cylinder  A  depends  only  upon  the  charge 
Qa,  and  therefore  upon  the  final  value  of  the  A  coefficient,  only. 

For  the  point  P,  on  account  of  the  symmetry  of  the  figure, 
the  coefficient  c,  in  equation  (13)  is  zero,  while  the  coefficients 
a  and  h  are  equal,  and,  as  will  be  apparent  from  a  consideration 
of  the  arrangement  of  the  charges  in  the  cylinders,  are  of  op- 
posite algebraic  sign.  Thus,  in  order  to  determine  the  numerical 
data  for  a  number  of  different  spacings,  it  is  necessary  to  con- 
sider the  charges  (^^  and  — Q^  only.  However,  to  secure  greater 
accuracy  and  a  check  on  the  work,  the  values  of  both  a  and  h 
were  determined  and  the  average  taken  to  represent  the  value 
of  both  in  equation  (13).  Let  a'  represent  this  average  value 
(a  and  h  averaged  without  regard  to  algebraic  sign).  Then 
equation   (13)  becomes 

2 
V  =  ~a'Qa  (14) 

M 

The  electrostatic  capacity  of  this  conductor,  defined  as  the 

ratio  of  its  charge  to  its  potential,  is 

M 
C;.  = electrostatic  units  per  centimeter,  for  each  conductor  of  a 

2  a'        three-wire  system.  (15) 

> 

In  the  following  table  the  above  capacity  C\,  as  determined 

d 
by  this  graphical  method  for  a  number  of  values  of  the  ratio  — , 

r 
is  tabulated.     For  comparison,  corresponding  values  of  the  ca- 
pacity of  each  conductor  of  a  two-wire  system  as  calculated  by 
formula  (1)  are  given. 

d        interaxial  distance 

Column  I.    —  = 

r        radius  of  conductor 

Column  II.  Graphically  determined  values  of  C\,  equation 
(15). 

Column  III.     Calculated  values  of  C.^  by  equation  (1). 

Column  IV.  Calculated  values  of  C.,  by  the  empirical  equa- 
tion (16). 

Column  V.     Residuals,  II-IV. 
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TABLE  III 

APACI' 

ry  OF  Each 

OF  Three  Parallel  Cylinders 

I 

II 

III 

IV 

V 

d 

It* 

Cs 

Co 

Cs  cal. 

Diff. 

1 

2.00 

Inf. 

2.2408 

2.05 

2.9436 

2.9417 

+  0.0019 

2.10 

2.0083 

1.5876 

2.0051 

+  0.0032 

2.15 

1.5865 

1.2990 

1.5924 

—0.0059 

2.20 

1.3490 

1.1272 

1.3495 

—0.0005 

2.30 

1.0712 

0.9240 

1.0679 

+  0.0033 

2.40 

0.9038 

0.8034 

0.9058 

—0.0020 

2.60 

0.7221 

0.6610 

0.7214 

+  0.0007 

2.80 

0.6181 

0.5767 

0.6169 

+  0.0012 

3.00 

0.5491 

0.5195 

0.5482 

+  0.0009 

3.20 

0.4996 

0.4776 

0.4992 

+  0.0004 

3.60 

0.4319 

0.4191 

0.4326 

—0.0007 

4.00 

0.3880 

0.3796 

0.3887 

0.0007 

5.00 

0.3230 

0.3191 

0.3235 

—0.0005 

As  a  means  of  determining  the  capacity  of  each  conductor 
of  such  a  system,  the  following  empirical  equation,  which  rep- 
resents all  of  the  above  data  within  four-tenths  of  1  per  cent, 
may  be  used : 


(0.2520  \ 

1  + )  , 
a-^'— 1.100  a;  — 1.142/ 


1  /  0.2520 

C,  = (  1  + )  ,  (16) 

X 

2  cosh"^  — 
2 

where 


For  very  large  values  of  x,  the  correction  term  in  brackets 
approaches  unity  and  equation  (16)  reduces  to  equation  (1). 
Designating  the  quantity  within  the  brackets  by  K,  the  equation 
may  be  written 

C,  =  KC.  (17) 

Figure  4  shows  curves  representing  C,  as  calculated  from 
equation  (1),  and  C'.^  as  calculated  from  equation  (16).  The 
measured  values  of  C.^  are  indicated  by  the  plotted  points. 

Transmitted  October  30,  1916. 
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A  LOGARITHMIC   STADIA  REDUCTION 

TABLE 


BY 

FEANCIS  S.  FOOTE,  Jr. 


Formulas  Used. — The  formulas  for  the  reduction  of  stadia 
observations  are 

Horizontal  distance  =  R  (f/i)  cos^  V  -{-   (f  +  <?)  cos  V 
Difference  of  elevation  =  ^  (f/i)  sin  V  cos  F  +  (/"  +  <")  sin  V 

where 

R  is  the  stadia  rod  interval, 

/  is  the  principal  focal  distance  of  the  objective, 

i  is  the  wire  interval, 

c  is  the  distance  from  the  objective  to  the  center  of  the 
instrument, 

V  is  the  vertical  angle. 
The  method  of  deriving  these  formulas  is  familiar  and  need 
not  be  repeated  here. 

Tables  in  General  Use. — The  reduction  by  means  of  these 
formulas  is  simplified  by  the  use  of  tables.  The  tables  com- 
monly used  give  values  of  the  first  term  of  each  formula  on  the 
assumption  that  (f/i)  is  one  hundred  and  the  rod  interval  one 
foot. 

Proposed  Tahle. — The  table  presented  here  has  been  com- 
puted in  the  belief  that  in  the  more  accurate  sorts  of  stadia  work, 
as  in  measuring  the  sides  of  a  traverse  or  running  a  preliminary 
survey  line,  time  might  be  saved  if  logarithmic  stadia  tables  were 
available.  The  table  gives  values  of  the  logarithm  of  the  squared 
cosine  and  of  the  logarithm  of  the  product  of  sine  and  cosine  of 
each  angle  listed. 
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In  accurate  stadia  work  it  is  customary  to  determine  the 
value  of  the  ratio  {f/i)  by  actual  test,  and  to  use  this  value  in 
reducing  the  field  notes.  This  requires  that  the  tabular  value  be 
multiplied  by  the  rod  interval  and  the  resulting  product  by  (//i). 
This  is  the  process  which  it  is  believed  will  be  simplified  by  the 
use  of  logarithms.  A  search  failed  to  reveal  any  stadia  tables 
published  in  the  logarithmic  form,  and  the  table  was  computed 
by  the  author.  It  is  published  in  the  hope  that  it  will  prove 
generally  useful. 

For  much  stadia  work  five  places  of  decimals  in  the  logarithms 
will  be  excessive,  but  as  five  places  will  be  necessary  in  some 
cases  that  number  of  places  has  been  used  throughout.  In  reduc- 
ing side  shots  for  topography  a  diagram  or  slide  rule  should  be 
used  rather  than  tables. 

Horizontal  and  Vertical  Component  of  {f -\- c) . — For  deter- 
mining the  value  of  the  second  term  of  the  formula  in  any  specific 
case  the  slide  rule  may  be  used  to  advantage,  using  the  scale  of 
sines;  or  curves  may  be  plotted  showing  the  values  of  the  two 
components  for  any  angle,  one  pair  of  such  curves  being  plotted 
for  each  value  of  (/  +  c),  using  values  of  the  angle  as  ordinates 
and  values  of  the  component  as  abscissas. 

For  the  horizontal  component,  if  results  to  the  nearest  tenth 
of  a  foot  are  required,  a  table  of  the  following  form  is  con- 
venient : 

Value  of  Horizontal  Component  of  (f  -\-  c)  for  Various  Vertical 

Angles 
Value  of  (f+c)        1.4  1.3  1.2  1.1 

Value  of 


horizontal 
component 

1.4 

0°  00'-15°  21' 

1.3 

15°  22'-26°  45' 

0°  00'-15°  56' 

1.2 

15°  57'-27°  47' 

0°  00'-16°  35' 

1.1 

16°  36'-28°  57' 

0°  00'-17 

20' 
1.0  17°  21'-30°  16' 

Approximate   Formulas. — The    general   formulas    previously 
stated  are  frequently  modified  to  the  following  approximate  form  : 

Horizontal  distance  =^  (B  -\ )  (f/0  cos-  V 

100 

f  +  c 

Difference  of  elevation  ^  (E  -\ )  (f/i)  sin  F  cos  V 

100 
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The  error  involved  in  this  approximation  is  small  in  most 
cases.  If  (f/i)  lies  between  99.0  and  102.0,  (/  +  c)  does  not 
exceed  1.2  feet,  nor  the  vertical  angle  ten  degrees,  the  errors  on 
this  account  will  not  be  greater  than  0.04  feet  in  horizontal  dis- 
tance nor  0.01  feet  in  difference  of  elevation.  By  subtracting 
the  approximate  formula  from  the  corrCvSponding  exact  one  the 
amount  of  error  is  at  once  determined.  If  desired,  curves  might 
be  plotted  showing  the  amount  of  this  error,  and  the  correction 
applied.     In  most  cases  this  would  not  be  worth  while. 

By  the  use  of  these  approximate  formulas  the  logarithm  of 
the  horizontal  distance  is  at  once  available  for  computing  latitude 
and  departure. 

Example. 

Eod  interval  4.39 

f/i  101.4 

f  +  c  1.2 

Vertical  angle 2°  34' 

Bearing    N  36°  15'  E 

By  exact  formula 

Horizontal  distance  445.4 


1.2 

444.2 

2.64763 


log  H.  D.    (from  table)..  9.99913 

log  R    0.64246 

log  f/i    2.00604 

log  D.  E.    (from   table)..  8.65067 


1.29917 
19.91 
.05 


Difference  of  elevation....         19.96 

By  approximate  formula 

Departure 263.3 

2.42043 


Horizontal  distance 445.3  log  sine  bg  9.77181 

2.64862  2.64862 

log  cosine  bg  9.90657 

log  H.  D.    (from  table)..  9.99913 

log  E  +  (/•  +  c)/100 0.64345 

log  f/i    2.00604 

log  D.  E.    (from   table)..  8.65067 


log  E  +  (/•  +  c)/100 0.64345  2.55519 

log  f/i    2.00604  Latitude  359.1 


1.30316 
Difference  of  elevation....         19.96 
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Note. — Should  this  table  prove  to  be  of  value  to  engineers  it 
will  be  extended  and  tabular  values  will  be  computed  for  every 
minute  of  vertical  angle  instead  of  every  second  minute,  to 
reduce  the  amount  of  interpolation  necessary. 

The  table  has  been  carefully  checked,  and  is  believed  to  be 
without  errors.  The  author  will  regard  it  as  a  favor  if  any  errors 
which  may  be  discovered  are  reported  to  him. 

Thanks  are  due  to  Professor  A.  C.  Alvarez  and  to  Dr.  Sturla 
Einarsson  of  the  University  of  California  for  their  help  and 
suggestions. 
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LOGARITHMIC  STADIA  REDUCTION  TABLE 

Hor.  Dist.  =  log  cos^  V 

Diff.  Elev.  =  log-  (sin  V  cos  V)  =  log  ^  sin  2F 

0°  1° 


M 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

0 

10.00000 
10.00000 

9.99987 
9.99986 

8.24179 
8.25602 

9.99947 
9.99945 

8.54256 

2 

6.76476 

8.54972 

4 

10.00000 

7.06579 

9.99985 

8.26981 

9.99943 

8.55677 

6 

10.00000 

7.24188 

9.99984 

8.28316 

9.99942 

8.56371 

8. 

10.00000 

7.36682 

9.99983 

8.29612 

9.99940 

8.57054 

10 

10.00000 

7.46372 

9.99982 

8.30870 

9.99938 

8.57726 

12 

9.99999 

7.54290 

9.99981 

8.32093 

9.99936 

8.58387 

14 

9.99999 

7.60985 

9.99980 

8.33282 

9.99934 

8.59039 

16 

9.99999 

7.66784 

9.99979 

8.34440 

9.99932 

8.59681 

18 

9.99999 

7.71899 

9.99978 

8.35567 

9.99930 

8.60314 

20 

9.99999 

7.76475 

9.99976 

8.36666 

9.99928 

8.60937 

22 

9.99998 

7.80614 

9.99975 

8.37738 

9.99926 

8.61552 

24 

9.99998 

7.84392 

9.99974 

8.38783 

9.99924 

8.62158 

26 

9.99998 

7.87868 

9.99973 

8.39804 

9.99922 

8.62756 

28 

9.99997 

7.91087 

9.99972 

8.40802 

9.99919 

8.63345 

30 

9.99997 

7.94083 

9.99970 

8.41777 

9.99917 

8.63927 

32 

9.99996 

7.96885 

9.99969 

8.42731 

9.99915 

8.64501 

34 

9.99996 

7.99518 

9.99968 

8.43664 

9.99913 

8.65067 

36 

9.99995 

8.02000 

9.99966 

8.44577 

9.99911 

8.65625 

38 

9.99995 

8.04347 

9.99965 

8.45472 

9.99908 

8.66177 

40 

9.99994 

8.06575 

9.99963 

8.46348 

9.99906 

8.66722 

42 

9.99994 

8.08693 

9.99962 

8.47207 

9.99904 

8.67260 

44 

9.99993 

8.10713 

9.99960 

8.48049 

9.99901 

■  8.67791 

46 

9.99992 

8.12643 

9.99959 

8.48876 

9.99899 

8.68316 

48 

9.99992 

8.14491 

9.99957 

8.49686 

9.99896 

8.68834 

50 

9.99991 

8.16264 

9.99956 

8.50482 

9.99893 

8.69347 

52 

9.99990 

8.17966 

9.99954 

8.51264 

9.99891 

8.69853 

54 

9.99989 

8.19605 

9.99952 

8.52031 

9.99889 

8.70353 

56 

9.99989 

8.21184 

9.99951 

8.52785 

9.99886 

8.70848 

58 

9.99988 

8.22707 

9.99949 

8.53527 

9.99884 

8.71337 

60 

9.99987 

8.24179 

9.99947 

8.54256 

9.99881 

8.71821 
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LOGAEITHMIC  STADIA  KEDUCTION  TAB'L'E— (Continued) 

Hot.  Dist.  =  log  cos^  V 

Diff.  Elev.  =  log  (sin  V  cos  F)  =  log  *  sin  2V 


M 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

0 

9.99881 

8.71821 

9.99788 

8.84253 

9.99669 

8.93864 

2 

9.99878 

8.72299 

9.99785 

8.84611 

9.99664 

8.94150 

4 

9.99876 

8.72772 

9.99781 

8.84966 

9.99660 

8.94433 

6 

9.99873 

8.73239 

9.99777 

8.85318 

9.99655 

8.94715 

8 

9.99870 

8.73702 

9.99774 

8.85667 

9.99651 

8.94995 

10 

9.99867 

8.74159 

9.99770 

8.86013 

9.99646 

8.95273 

12 

9.99864 

8.74612 

9.99766 

8.86357 

9.99642 

8.95549 

14 

9.99862 

8.75061 

9.99763 

8.86698 

9.99637 

8.95824 

16 

9.99859 

8.75504 

9.99759 

8.87036 

9.99633 

8.96096 

18 

9.99856 

8.75943 

9.99755 

8.87371 

9.99628 

8.96367 

20 

9.99853 

8.76378 

9.99751 

8.87704 

9.99623 

8.96636 

22 

9.99850 

8.76808 

9.99747 

8.88034 

9.99618 

8.96904 

24 

9.99847 

8.77234 

9.99744 

8.88362 

9.99614 

8.97170 

26 

9.99844 

8.77655 

9.99740 

8.88687 

9.99609 

8.97434 

28 

9.99841 

8.78073 

9.99736 

8.89010 

9.99604 

8.97696 

30 

9.99838 

8.78486  ^ 

9.99732 

8.89330 

9.99599 

8.97957 

32 

9.99835 

8.78896 

9.99728 

8.89648 

9.99594 

8.98216 

34 

9.99832 

8.79302 

9.99724 

8.89964 

9.99589 

8.98474 

36 

9.99828 

8.79704 

9.99720 

8.90277 

9.99584 

8.98730 

38 

9.99825 

8.80102 

9.99716 

8.90588 

9.99579 

8.98984 

40 

9.99822 

8.80496 

9.99712 

8.90896 

9.99574 

8.99237 

42 

9.99819 

8.80887 

9.99707 

8.91203 

9.99569 

8.99488 

44 

9.99815 

8.81274 

9.99703 

8.91507 

9.99564 

8.99738 

46 

9.99812 

8.81658 

9.99699 

8.91809 

9.99559 

8.99987 

48 

9.99809 

8.82039 

9.99695 

8.92108 

9.99554 

9.00233 

50 

9.99805 

8.82416 

9.99691 

8.92406 

9.99549 

9.00479 

52 

9.99802 

8.82790 

9.99686 

8.92702 

9.99544 

9.00723 

54 

9.99799 

8.83160 

9.99682 

8.92995 

9.99539 

9.00965 

56 

9.99795 

8.83527 

9.99678 

8.93287 

9.99533 

9.01207 

58 

9.99792 

8.83891 

9.99673 

8.93576 

9.99528 

9.01446 

60 

9.99788 

8.84253 

9.99669 

8.93864 

9.99523 

9.01685 
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LOGARITHMIC  STADIA  REDUCTION   TABhE— (Continued) 

Hot.  Dist.  =  log  cos^  F 

Diff.  Elev.  —  log  (sin  F  cos  F)  =  log  1  sin  2F 

go  ,70  go 


M 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

0 

9.99523 

9.01685 

9.99350 

9.08264 

9.99151 

9.13931 

2 

9.99518 

9.01922 

9.99344 

9.08467 

9.99143 

9.14107 

4 

9.99512 

9.02158 

9.99338 

9.08668 

9.99136 

9.14282 

6 

9.99507 

9.02392 

9.99331 

9.08868 

9.99129 

9.14456 

8 

9.99501 

9.02625 

9.99325 

9.09067 

9.99122 

9.14630 

10 

9.99496 

9.02857 

9.99319 

9.09265 

9.99115 

9.14802 

12 

9.99490 

9.03087 

9.99312 

9.09462 

9.99107 

9.14974 

14 

9.99485 

9.03316 

9.99306 

9.09659 

9.99100 

9.15146 

16 

9.99479 

9.03544 

9.99300 

9.09854 

9.99093 

9.15316 

18 

9.99474 

9.03771 

9.99293 

9.10049 

9.99085 

9.15486 

20 

9.99468 

9.03997 

9.99287 

9.10243 

9.99078 

9.15655 

22 

9.99463 

9.04221 

9.99280 

9.10435 

9.99071 

9.15824 

24 

9.99457 

9.04444 

9.99274 

9.10627 

9.99063 

9.15992 

26 

9.99451 

9.04666 

9.99267 

9.10818 

9.99056 

9.16159 

28 

9.99446 

9.04886 

9.99260 

9.11008 

9.99048 

9.16325 

30 

9.99440 

9.05106 

9.99254 

9.11197 

9.99041 

9.16490 

32 

9.99434 

9.05324 

9.99247 

9.11385 

9.99033 

9.16655 

34 

9.99428 

9.05541 

9.99240 

9.11572 

9.99025 

9.16820 

36 

9.99422 

9.05757 

9.99234 

9.11758 

9.99018 

9.16983 

38 

9.99417 

9.05972 

9.99227 

9.11944 

9.99010 

9.17146 

40 

9.99411 

9.06186 

9.99220 

9.12129 

9.99003 

9.17308 

42 

9.99405 

9.06399 

9.99213 

9.12313 

9.98995 

9.17470 

44 

9.99399 

9.06610 

9.99206 

9.12496 

9.98987 

9.17631 

46 

9.99393 

9.06821 

9.99200 

9.12678 

9.98979 

9.17791 

48 

9.99387 

9.07030 

9.99193 

9.12859 

9.98971 

9.17951 

50 

9.99381 

9.07238 

9.99186 

9.13039 

9.98963 

9.18110 

52 

9.99375 

9.07446 

9.99179 

9.13219 

9.98956 

9.18268 

54 

9.99369 

9.07652 

9.99172 

9.13399 

9.98948 

9.18426 

56 

9.99362 

9.07857 

9.99165 

9.13577 

9.98940 

9.18583 

58 

9.99356 

9.08061 

9.99158 

9.13754 

9.98932 

9.18739 

60 

9.99350 

9.08264 

9.99151 

9.13931 

9.98924 

9.18895 
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LOGAKITHMIC  STADIA  REDUCTION   TABl.E— (Continued) 

Hor.  Dist.  =  log  cos^  V 

Diff.  Elev.  =  log  (sin  V  cos  V)  =  log  i  sin  2V 


9° 

10° 

i: 

L° 

M 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Difif.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

0 

9.98924 

9.18895 

9.98670 

9.23302 

9.98389 

9.27255 

2 

9.98916 

9.19050 

9.98661 

9.23441 

9.98379 

9.27379 

4 

9.98908 

9.19205 

9.98652 

9.23579 

9.98370 

9.27504 

6 

9.98900 

9.19359 

9.98643 

9.23716 

9.98360 

9.27628 

8 

9.98892 

9.19512 

9.98634 

9.23853 

9.98350 

9.27752 

10 

9.98884 

9.19665 

9.98625 

9.23990 

9.98340 

9.27875 

12 

9.98875 

9.19817 

9.98616 

9.24126 

9.98330 

9.27998 

14 

9.98867 

9.19969 

9.98607 

9.24262 

9.98320 

9.28120 

16 

9.98859 

9.20120 

9.98598 

9.24397 

9.98310 

9.28242 

18 

9.98851 

9.20270 

9.98589 

9.24532 

9.98300 

9.28364 

20 

9.98842 

9.20420 

9.98580 

9.24666 

9.98290 

9.28485 

22 

9.98834 

9.20570 

9.98570 

9.24800 

9.98279 

9.28606 

24 

9.98826 

9.20719 

9.98561 

9.24933 

9.98269 

9.28726 

26 

9.98817 

9.20867 

9.98552 

9.25066 

9.98259 

9.28846 

28 

9.98809 

9.21014 

9.98542 

9.25198 

9.98249 

9.28966 

30 

9.98801 

9.21161  ^ 

9.98533 

9.25330 

9.98239 

9.29085 

32 

9.98792 

9.21308 

9.98524 

9.25461 

9.98228 

9.29204 

34 

9.98784 

9.21454 

9.98514 

9.25592 

9.98218 

9.29322 

36 

9.98775 

9.21599 

9.98505 

9.25723 

9.98208 

9.29440 

38 

9.98766 

9.21744 

9.98496 

9.25853 

9.98197 

9.29558 

40 

9.98758 

9.21888 

9.98486 

9.25983 

9.98187 

9.29675 

42 

9.98749 

9.22032 

9.98476 

9.26112 

9.98176 

9.29792 

44 

9.98741 

9.22175 

9.98467 

9.26240 

9.98166 

9.29909 

46 

9.98732 

9.22318 

9.98457 

9.26369 

9.98155 

9.30025 

48 

9.98723 

9.22460 

9.98448 

9.26497 

9.98145 

9.30141 

50 

9.98714 

9.22602 

9.98438 

9.26624 

9.98134 

9.30256 

52 

9.98706 

9.22743 

9.98428 

9.26751 

9.98124 

9.30371 

54 

9.98697 

9.22883 

9.98419 

9.26877 

9.98113 

9.30486 

56 

9.98688 

9.23023 

9.98409 

9.27004 

9.98102 

9.30601 

58 

9.98679 

9.23163 

9.98399 

9.27129 

9.98092 

9.30715 

60 

9.98670 

9.23302 

9.98389 

9.27255 

9.98081 

9.30828 
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M 
0 

2 

4 

6 

8 

10 
12 
14 
16 

18 


LOGARITHMIC   STADIA  REDUCTION   TABl^E— {Continued) 

II  or.  Dist.  ^  loj^  cos- F 

Diff.  Elev.  =  log  (sin  V  cos  F)  =:  log  ^  sin  2F 


12' 


Hor.  Dist. 
9.98081 

9.98070 

9.98059 

9.98049 

9.98038 


Diff.  Elev. 
9.30828 

9.30942 

9.31055 

9.31167 

9.31280 


9.98027  9.31391 

9.98016  9.31503 

9.98005  9.31614 

9.97994  9.31725 

9.97983  9.31836 


20  9.97972  9.31946 

22  9.97961  9.32056 

24  9.97950  9.32165 

26  9.97939  9.32274 

28  9.97927  9.32383 

30  9.97916  9.32492 

32  9.97905  9.32600 

34  9.97894  9.32708 

36  9.97883  9.32816 

38  9.97871  9.32923 

40  9.97860  9.33030 

42  9.97849  9.33136 

44  9.97837  9.33242 

46  9.97826  9.33348 

48  9.97814  9.33454 

50  9.97803  9.33559 

52  9.97791  9.33664 

54  9.97780  9.33769 

56  9.97768  9.33873 

58  9.97756  9.33977 

60  9.97745  9.34081 


13° 
Hor.  Dist.   Diff.  Elev. 
9.97745   9.34081 


14' 


9.97733 
9.97721 
9.97710 
9.97698 


9.34185 
9.34288 
9.34391 
9.34493 


9.97686  9.34595 

9.97674  9.34697 

9.97662  9.34799 

9.97650  9.34900 

9.97639  9.35001 

9.97627  9.35102 

9.97615  9.35203 

9.97603  9.35303 

9.97591  9.35403 

9.97578  9.35502 

9.97566  9.35602 

9.97554  9.35701 

9.97542  9.35800 

9.97530  9.35898 

9.97518  9.35996 

9.97505  9.36094 

9.97493  9.36192 

9.97481  9.36289 

9.97468  9.36386 

9.97456  9.36483 

9.97443  9.36579 

9.97431  9.36676 

9.97418  9.26772 

9.97406  9.36867 

9.97393  9.36963 

9.97381  9.37058 


Hor.  Dist. 
9.97381 

9.97368 

9.97356 

9.97343 

9.97330 


Diff.  Elev. 
9.37058 

9.37153 

9.37248 

9.38342 

9.38436 


9.97317  9.38530 

9.97305  9.38623 

9.97292  9.38717 

9.97279  9.38810 

9.97266  9.38903 

9.97253  9.37995 

9.97240  9.38088 

9.97227  9.38180 

9.97214  9.38271 

9.97201  9.38363 

9.97188  9.38454 

9.97175  9.38545 

9.97162  9.38636 

9.97149  9.38727 

9.97136  9.38817 

9.97123  9.38907 

9.97109  9.38997 

9.97096  9.39086 

9.97083  9.39176 

9.97069  9.39265 

9.97056  9.39353 

9.97043  9.39442 

9.97029  9.39530 

9.97016  9.39619 

9.97002  9.39706 

9.96989  9.39794 
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LOGAEITHMIC   STADIA   REDUCTION   TABl.'E— (Continued) 

Hor.  Dist.  =  log  cos-  V 

Diff.  Elev.  =:  log  (sin  V  cos  F)  =  log  i  sin  2V 


M 

0 

2 
4 
6 
8 

10 
12 
14 
16 

18 

20 
22 
24 
26 
28 

30 
32 
34 

36 

38 


15° 

Hor.  Dist.      Diff.  Elev. 

9.96989       9.39794 


16' 


17' 


9.96975 
9.96962 
9.96948 
9.96934 


9.39881 
9.39969 
9.40056 
9.40142 


9.96921  9.40299 

9.96907  9.40315 

9.96893  9.40401 

9.96879  9.40487 

9.96866  9.40572 

9.96852  9.40658 

9.96838  9.40743 

9.96824  9.40828 

9.96810  9.40912 

9.96796  9.40997 

9.96782  9.41081 

9.96768  9.41165 

9.96754  9.41249 

9.96740  9.41332 

9.96726  9.41416 


40  9.96712  9.41499 

42  9.96697  9.41582 

44  9.96683  9.41664 

46  9.96669  9.41747 

48  9.96655  9.41829 

50  9.96640  9.41911 

52  9.96626  9.41993 

54  9.96612  9.42074 

56  9.96597  9.42156 

58  9.96583  9.42237 

60  9.96568  9.42318 


Hor.  Dist. 
9.96568 

9.96554 

9.96539 

9.96525 

9.96510 


Diff.  Elev. 
9.42318 

9.42399 

9.42479 

9.42560 

9.42640 


9.96495  9.42720 

9.96481  9.42799 

9.96466  9.42879 

9.96451  9.42958 

9.96437  9.43037 

9.96422  9.43116 

9.96407  9.43195 

9.96392  9.43274 

9.96377  9.43352 

9.96362  9.43430 

9.96347  9.43508 

9.96332  9.43586 

9.96317  9.43663 

9.96302  9.43740 

9.96287  9.43818 

9.96272  9.43895 

9.96257  9.43971 

9.96242  9.44048 

9.96227  9.44124 

9.96211  9.4420 

9.96196  9.44276 

9.96180  9.44352 

9.96165  9.44428 

9.96150  9.44603 

9.96135  9.44578 

9.96119  9.44653 


Hor.  Dist. 
9.96119 

9.96104 

9.96088 

9.96073 

9.96057 


Diff.  Elev. 
9.44653* 

9.44728 

9.44803 

9.44877 

9.44951 


9.96042  9.45025 

9.96026  9.45099 

9.96010  9.45173 

9.95995  9.45247 

9.95979  9.45320 

9.95963  9.45393 

9.95947  9.45466 

9.95932  9.45539 

9.95916  9.45611 

9.95900  9.45684 

9.95884  9.45756 

9.95868  9.45828 

9.95852  9.45900 

9.95836  9.45972 

9.95820  9.46043 

9.95804  9.46115 

9.95788  9.46186 

9.95772  9.46257 

9.95755  9.46328 

9.95739  9.46399 

9.95723  9.46469 

9.95707  9.46539 

9.95690  9.46609 

9.95674  9.46679 

9.95658  9.46749 

9.95641  9.46818 
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LOGARITHMIC   STADIA   REDUCTION   TABl^E,— {Continued) 

Ilor.  Dist.  =  log  cos-  V 

Diff.  Elev.  =  log  (sin  V  cos  V)  =  log  ^  sin  2F 


18' 


19' 


20' 


M 

Hor.  Dist. 

Diff.  Elev. 

Hor.  Dist. 

Difif.  Elev. 

Hor.  Dist. 

Diff.  Elev. 

0 

9.95641 

9.46819 

9.95134 

9.48831 

9.94597 

9.50704 

2 

9.95625 

9.46888 

9.95117 

9.48896 

9.94579 

9.50764 

4 

9.95608 

9.46958 

9.95099 

9.48960 

9  94560 

9.50824 

6 

9.95592 

9.47027 

9.95082 

9.49025 

9.94542 

9.50884 

8 

9.95575 

9.47096 

9.95064 

9.49089 

9.94523 

9.50944 

10 

9.95559 

9  47165 

9.95047 

9.49153 

9.94505 

9.51003 

12 

9  95542 

9.47233 

9.95029 

9.49217 

9  94486 

9.51063 

]4 

9.95526 

9.47302 

9.95011 

9.49280 

9.94468 

9.51122 

16 

9.95509 

9.47370 

9  94994 

9.49344 

9.94449 

9.51181 

18 

9.95492 

9.47438 

9.94976 

9.4940/ 

9.94430 

9.51240 

20 

9.95475 

9.47505 

9.94958 

9.49470 

9.94412 

9.51299 

22 

9.95459 

9.47574 

9  94941 

9.49533 

9.94393 

9.51358 

24 

9.95442 

9.47641 

9.94923 

9.49596 

9.94374 

9.51416 

26 

9.95425 

9.47709 

9.94905 

9.49659 

9.94355 

9.51475 

28 

9.95408 

9.47776 

9.94887 

9.49722 

9.94336 

9.51533 

30 

9.95391 

9.47843 

9.94869 

9.49784 

9  94318 

9.51591 

32 

9.95374 

9.47910 

9.94851 

9.49847- 

9.94299 

9.51649 

34 

9.95357 

9.47977 

9  94833 

9.49909 

9.94280 

9.51707 

36 

9.95340 

9.48044 

9.94815 

9.49971 

9.94261 

9.51765 

38 

9.95323 

9.48110 

9.94797 
• 
9.94779 

9.50033 

9.94242 

9.51823 

40 

9  95306 

9.48177 

9  50094 

9.94223 

9.51880 

42 

995289 

9.48243 

9.94761 

9.50156 

9.94204 

9.51938 

44 

9.95272 

9.48309 

9.94743 

9.50217 

9.94184 

9.51995 

46 

9.95255 

9.48375 

9.94725 

9.50279 

9.94165 

9.52052 

48 

9.95238 

9.48440 

9.94707 

9.50340 

9.94146 

9.52109 

50 

9.95221 

9.48506 

9.94689 

9.50401 

9.94127 

9.52266 

52 

9.95203 

9.48571 

9.94670 

9.50462 

9.94108 

9.52223 

54 

995186 

9.48637 

9.94652 

9.50522 

9.94088 

9.52279 

56 

9.95169 

9.48702 

9.94634 

9.50583 

9.94069 

9.52336 

58 

9.95151 

9.48766 

9.94616 

9.50644 

9.94050 

9.52392 

60 

9.95134 

9.48831 

9.94597 

9.50704 

9.94030 

9.52448 
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LOGARITHMIC  STADIA  REDUCTION   TABIj'E— (Concluded) 

Ilor.  Dist.  =  log  cos-  V 

Diff.  Elev.  =  log  (sin  V  cos  V)  =  log  i  sin  2V 


M 
0 

2 

4 

6 


10 
12 
14 
16 

18 

20 
22 
24 
26 

28 

30 
32 
34 
36 

38 


21° 

Hor.  Dist.      Diff.  Elev. 

9.94030       9.52448 


22' 


9.94011 
9.93991 
9.93972 
9.93952 


9.52504 
9.52560 
9.52616 
9.52672 


9.93933  9.52727 

9.93913  9.52783 

9.93894  9.52838 

9.93874  9.52893 

9.93854  9.52948 

9.93834  9.53003 

9.93815  9.53058 

9.93795  9.53112 

9.93775  9.53167 

9.93755  9.53221 

9.93736  9.53275 

9.93716  9.53330* 

9.93696  9.53384 

9.93676  9.53437 

9.93656  9.53491 


40  9.93636  9.53545 

42  9.931316  9.53598 
44  9.93595  9.53652 

43  9.93575  9.53705 
48  9.93555  9.53758 

50  9.93535  9.53811 

52  9.93515  9.53864 

54  9.93494  9.53917 

56  9.93474  9.53969 

58  9.93454  9.54022 

60  9.93433  9.54074 


Hor.  Dist. 
9.93433 

9.93413 

9.93392 

9.93372 

9.93351 


Diff.  Elev. 
9.54074 

9.54126 

9.54179 

9.54231 

9.54283 


9.93331  9.54334 

9.93310  9.54386 

9.93289  9.54438 

9.93269  9.54489 

9.93248  9.54540 

9.93227  9.54591 

9.93207  9.54642 

9.93186  9.54693 

9.93165  9.54744 

9.93144  9.54795 

9.93123  9.54846 

9.93102  9.54896 

9.93081  9.54946 

9.93060  9.54997 

9.93039  9.55047 

9.93018  9.55097 

9.92997  9.55147 

9.92976  9.55196 

9.92955  9.55246 

9.92933  9.55296 

9.92912  9.55345 

9.92891  9.55394 

9.92869  9.55444 

9.92848  9.55493 

9.92827  9.55542 

9.92805  9.55590 


23° 

Hor.  Dist.   Diff.  Elev. 
9.92805   9.55590 


9.92784 
9.92762 
9.92741 
9.92719 


9.55639 
9.55678 
9.55736 
9.55785 


9.92698  9.55833 

9.92676  9.55881 

9.92654  9.55929 

9.92633  9.55977 

9.92611  9.56025 

9.92589  9.56073 

9.92567  9.56120 

9.93545  9.56168 

9.92523  9.56215 

9.92502  9.56263 

9.92480  9.56310 

9.92458  9.56357 

9.92436  9.56404 

9.92413  9.56450 

9.92391  9.56497 

9.92369  9.56544 

9.92347  9.56591 

9.92325  9.56637 

9.92303  9.56683 

9.92280  9.56729 

9.92258  9.56776 

9.92236  9.56822 

9.92213  9.56867 

9.92191  9.56913 

9.92169  9.56959 

9.92146  9.57004 
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A  METHOD  FOR  THE  MEASUREMENT  OF 
SELF  AND  MUTUAL  INDUCTANCES 


BY 


FRED.  E.  PERNOT 


The  following  null  method  of  measuring  self  and  mutual 
inductances  by  comparison  with  known  values  of  resistance  and 
capacity  has  been  found  very  convenient  and  satisfactory  by  the 
writer. 

The  scheme  may  be  used  with  an  alternating  applied  electro- 
motive force,  in  which  case  either  a  telephone  receiver  or  a 
vibration  galvanometer  serves  as  a  detector  of  current  in  the 
galvanometer  circuit.  Direct  current  and  a  D'Arsonval  galvano- 
meter may  also  be  used,  provided  a  sechometer  is  employed  in 
the  usual  manner. 

Figure  1  shows  the  circuit  as  arranged  for  the  measurement 
of  the  unknown  values  of  L  and  M,  using  alternating  current. 


Fig.  1.     Circuit  Diao^ram. 
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In  this  figure 

L  =  value  of  the  inductance  to  be  measured.  ■ 

3f  =  unknown  value  of  the  mutual  inductance  between  L 
and  any  other  coil,  L^.  The  constants  of  the  inductance 
L^  in  no  way  affect  the  conditions  for  a  balance. 

R  =  known  value  of  the  resistance  of  the  circuit  contain- 
ing L. 

r  and  ?\  =  values  of  known,  non-inductive  resistances, 
which  should  be  adjustable  for  balancing  purposes. 

C  =  known  and  preferably  adjustable  value  of  capacity. 

G  =  galvanometer. 


For  convenience  in  manipulation,  r  and  r^  should  form  a  con- 
tinuous resistance  with  connection  established  at  A  by  means  of 
a  sliding  contact  or  equivalent  device. 

With  an  alternating  electromotive  force  applied  as  at  E,  r,  r^, 
and  C  may  be  so  varied  as  to  cause  the  resultant  electromotive 
force  acting  in  the  galvanometer  circuit  to  be  zero.  The  current 
therein  will  therefore  be  zero.  For  low  frequencies  a  vibration 
galvanometer  may  be  used ;  for  frequencies  above  350  cycles  per 
second  a  low  impedance  telephone  receiver  is  satisfactory. 

The  equations  relating  the  circuit  constants  at  a  condition  of 
balance  are  conveniently  obtained  by  use  of  the  complex-quantity 
method  of  treatment  of  alternating  quantities  as  follows : 

At  a  balanced  condition,  no  current  flows  through  the  coil  L^ 
and  therefore  the  circuit  containing  L  and  R  acts  independently 
of  the  auxiliary  galvanometer  circuit.  The  same  is  true  of  the 
circuit  C,  r,  and  r^.    Thus 


T  ^  AT  ^ 

1^  =  Y^ — I — ■ — f    ^^d    lo 


r  +  r^  —  J—w-  ^    ^ 

0)  L' 


For  a  balance,  the  sum  of  the  electromotive  forces  acting 
around  the  galvanometer  circuit  must  be  zero.  The  connections 
must  be  such  that  a  current  flowing  through  L^  from  A  to  G 
passes  around  the  common  magnetic  circuit  of  L^  and  L  in  the 


Vol.1]    Pernot. — Measuring  Self  and  Mutual  Inductances      295 

same  direction  as  a  current  flowing  downwards  through  the  coil 
L.     Then  for  a  balance, 

i\I,  —  jo>MI,  =  0.  (2) 

Introducing  equation   (1), 

b)M        E=  r. 


R  +  jo>L  ,  .1 


E  (3) 


and  after  clearing  of  fractions, 

i  «,  31  (r  +  rj  +  "^-  =  i  »  i  r^  +  7J  r,  (4) 

Equating  reals  and  then  imaginaries, 

M  =  Br^C  (5) 


and 


L^M'^i^  (6) 

Introducing  the  value  of  M  by  (5), 

L={r-^r,)RC     '  (7) 


Since  the  final  equations  are  independent  of  oj.  it  is  obvious 
that  the  various  circuit  adujstments  for  a  condition  of  balance 
are  independent  of  the  frequency,  in  so  far  as  the  circuit  prop- 
erties themselves  are  independent  of  the  frequency.  AVith 
wound  coils  the  value  of  31  will  usually  be  found  to  change  very 
little  with  change  in  frequency — much  less  than  the  changes  in 
L  and  R. 

If  it  is  a  determination  of  the  value  of  L  only  that  is  desired, 
L^  may  consist  of  any  available  coil  so  placed  with  respect-  to  L 
as  to  give  a  large  enough  mutual  inductance  to  insure  the  desired 
degree  of  sensitivity.  The  mutual  inductance^  must  never 
exceed,  and  should  be  considerably  less  than,  the  self  inductance, 
L,  if  the  resistance,  R,  is  small  in  comparison  with  w  L,  for  it  is 
conceivable  that  the  electromotive  force  induced  in  the  coil,  L^, 
might  exceed  the  available  voltage,  r^  L,  for  counterbalancing  the 
same.  By  equation  (6),  we  find  that  if  M  exceeds  L,  then  r  -]-  r^ 
is  less  than  7\,  which  is  impossible. 


1  For  brevity,  the  terms  resistance,  mutual  inductance,  etc.,  are  used  to 
refer  to  the  numerical  values  of  such  as  well  as  to  the  entities. 


296 


University  of  California  Publications      [Engineering 


Figure  2  is  a  vector  diagram  of  the  various  quantities  as  they 
exist  at  a  balanced  condition. 


/2  = 


E 


r  +  ri  —  j 


Fig.  2.     Vector  DiaOTam  for  Balanced  Condition. 


Obviously,  the  arrangement  serves  to  determine  C  when  the 
mutual  inductance,  M,  is  known.  Balance  must  be  obtained  by 
varying  r  and  r^,  since  in  such  a  case  L,  M,  C,  and  E  are  fixed. 

In  any  such  method  of  comparison,  a  double  variation  of 
circuit  constants  is  required  to  produce  a  balanced  condition, 
which  at  first  makes  the  process  rather  tedious.  A  little  experi- 
ence, however,  enables  the  operator  to  make  the  necessary 
changes  in  a  very  short  time. 
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LOGAEITHMS  OF  HYPERBOLIC  FUNCTIONS 
TO  TWELVE  SIGNIFICANT  FIGURES 

BY 

FEEDERICK  E.  PERNOT  and  BALDWIN  M.  WOODS 


Scope  of  Tables. — In  the  tables  herewith  presented  are  given 
logarithms  to  the  base  ten  of  the  three  principal  hyperbolic 
functions,  i.e.,  the  sine,  cosine,  and  tangent  for  the  range  from 

0.000  to  2.000  with  a  tabular  interval  of  .001,  and  auxiliary 

smh  T  oc 

tables  of  log  ■ and  log  - — . —   for  the  range  from  0.000 

X  tanh  X 

to  0.500,  with  the  same  tabular  interval  as  for  the  other  tables. 
The  use  and  importance  of  the  two  last  mentioned  functions  will 
be  explained  later. 

These  tables  were  prepared  primarily  to  fill  a  gap  existing 
in  Gudermann's  tables  of  the  logarithms  of  the  hyperbolic  func- 
tions. Gudermann's  tables,  published  in  1830-31  in  Crelle's 
Journal  fiir  die  reine  und  angewandte  Mathematik,  give  the  com- 
mon logarithms  to  nine  significant  figures  of  the  hyperbolic  sine, 
cosine,  and  tangent  through  the  range  from  x  =  2.000  to 
X  =  5.000  with  a  tabular  interval  of  0.001  in  the  argument. 
From  x  =  5.00  to  ic  =  12.00  Gudermann's  tables  give  logarithms 
to  ten  significant  figures,  using  a  tabular  interval  of  0.01  in  the 
argument.  Gudermann  provides  for  a  determination  of  hyper- 
bolic functions  with  a  seven-place  accuracy  by  his  tables  of 
Gudermannian  Functions  contained  in  the  above  reference. 

The  above  mentioned  tables  of  Gudermann  are  the  most  accu- 
rate tables  existing.  Because  of  the  omission  of  the  directly 
tabulated  values  within  the  range  from  0.000  to  2.000  the  com- 
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putation  of  the  following  table  of  hyperbolic  functions  was 
andertaken. 

It  is  hoped  that  the  combination  of  Gudermann's  tables  with 
those  presented  herewith  will  furnish  a  basis  for  all  future  con- 
struction of  tables  of  hj^perbolic  functions  of  an  accuracy  less 
than  is  here  obtained. 

For  practical  purposes  the  most  satisfactory  of  the  existing 
tables  of  hyperbolic  functions  are  the  five-place  tables  given  by 
Becker  and  Van  Orstrand  in  the  Smithsonian  Mathematical 
Tables.  Their  arrangement  and  accuracy  are  admirable,  although 
for  certain  purposes  it  is  desirable  to  have  tables  to  a  greater 
number  of  significant  figures.  Ligowski  gives  six-place  tables  of 
natural  values  of  hyperbolic  functions,  but  the  sixth  place  is  not 
dependable.  Discussions  of  various  other  tables  which  have  been 
published  may  be  found  in  the  introduction  to  the  Becker- Van 
Orstrand  table  and  in  the  Napier  Tercentenary  Celebration 
Handbook  published  by  the  Royal  Society  of  Edinburgh. 

Arrangement    and   Method    of   Calculation. — As    previously 

pointed  out,  the  following  tables  contain  tabulations  of  log   ^^ - 

X 
X 

and  log   - — z —  with  x  as  the  argument.     These  aiixiliary  tables 
*    tanh  X  ^  *^ 

correspond  to  the  S  and  T  tables  given  with  trigonometric  func- 
tions for  the  determination  of  sines  and  tangents  of  small  angles, 
and  are  to  be  used  in  the  same  way  for  the  determination  of 
the  corresponding  hyperbolic  functions  for  small  arguments. 
They  make  possible  convenient  interpolations  for  log  sinh  x  and 
log  tanh  x  in  the  lower  ranges  of  the  table  where  otherwise 
material  difficulty  would  be  encountered.      Their  use,  of  course, 

involves  a  knowledge  of  log  x.     A  table  by  Pernot  giving  log 

sinh  X 

and  log  cosh  x  to  seven-place  accuracy  may  be  found  in 

X 

the  University  of  California  Publications  in  Mathematics  (Feb- 
ruary, 1915). 

In  the  tables  hercAvith,  all  the  differences  necessary  for  the 
interpolation  of  intermediate  values  are  given.  In  the  case 
of   log  sinh   X  and  log   tanh   x,  the   differences   are   not   given 

smh  X 
for  the  portion  of  the  table  over  which  tabulations  of  log  

X 

and  log  : — , —  are  made, 
tanh  X 
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In  computing  the  numerical  values  given  in  these  tables,  the 
first  step  was  to  compute  cosh  a;  by  the  series 

cosh  :r  =  1  4-  —y^ 1 rj —  -[-.... 

Carrying  out  the  successive  terms  of  the  series  to  twelve  places 
of  decimals,  the  totals  then  gave  thirteen  significant  figures  in 
the  natural  value  of  the  cosine.  Logarithms  were  then  taken 
to  twelve  significant  figures  from  Namur's  twelve-place  tables. 
This  was  done  for  every  eighth  entry  in  the  table,  making  in 
all  252  values  which  were  thus  reckoned.  Differences  between 
successive  values  were  taken  and  interpolations  made  to  the 
middle  of  the  interval.  Two  repetitions  of  this  process  thus 
completed  the  table  of  cosines. 

From  the  series  sinh  x  =  x  -\-  —rz —  +  —r^ —  +  —r-^ —  -|-  •  •  •  • 

we  obtain  the  series ^1  -\-  -r^ —  +  —r^ —  +  —r^ —  _|_  . . . . 

X  \  o  I  o  I  7 

and  by  introducing  this  value  in  the  series  for  the  logarithm  of 

x^  x" 

(1  -f-  ^),  where  w  =-r-z-  +  -j-p-  +  . .  .  •,  the  following  series  for 


sinh  X   . 
logio ^s  obtained  : 

X 

sinh  x_     fx'  _   x'  x'    _     x'  x''     _        "I* 

^^''      x     ""^L^^ISO"^  2835       37800  "^467775     " "  J 
This  series  was  summed  for  each  value  of  x  from  0.000  to  0.255, 

carrying    the    terms    to    thirteen    decimal-places.      Adding    the 

smh  X 
several  terms  in  each  computation,  the  value  of  log  was 

X 

obtained  to  thirteen  significant  figures.    The  corresponding  values 

of  log  sinh  X  over  this  range  were  obtained  by  adding  log  x  to 

smh  x 
the  previously  found  value  of  log .     This  was  done  to  an 

X 

accuracy  of  twelve  places. 

From  the  relation  sinh  2j-  =  2  sinh  x  cosh  x,  alternate  values 

of  log  sinh  X  from  x  =  0.250  to  ic  =  0.500  were  formed  from  the 

sines  and  cosines  computed  as  above.     Differences  were  then 

taken  and  interpolations  to  the  middle  of  the  interval  made. 

This  process  was  repeated  twice,  thereby  giving  values  of  log 

691 

*  The  coefficient  of  x^^   is  —  — —.^ ^.^.     It  was  not  found  necessary 

38310772o0 

to  include  this  term  in  the  computations. 
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sinh  X  for  arguments  up  to  2.000,  completing  the  table  of  sines. 

From  the  tables  of  log  sinh  x  and  log  cosh  x,  the  table  of  log  tanh  x 

smh  X 
was  formed  by  subtraction.    Logarithms  of from  x  =  0.250 

X 

to  re  =  0.500  and  of  log  — ? —  from  x  =  0.000  to  rr  =  0.500  were 

tanh  X 

formed  by  combining  the  appropriate  sine  or  tangent  with  the 
corresponding  value  of  x. 

Accuracy  of  Tables. — From  a  consideration  of  the  method 
employed  in  constructing  the  tables,  it  appears  that  the  maxi- 
mum possible  error  in  the  last  significant  figure  of  the  twelve- 
place  values  is  approximately  6  units.  An  inspection  of  the 
successive  and  final  differences,  however,  indicates  that  it  is  not 
probable  that  an  error  of  this  magnitude  exists  in  the  tables. 
In  no  place  do  the  differences  indicate  an  error  of  more  than  two 
units  in  the  last  place. 

In  conclusion,  the  authors  desire  to  express  their  apprecia- 
tion of  the  considerable  assistance  rendered  by  Mr.  G.  L.  Greves, 
Instructor  in  Electrical  Engineering,  and  Mr.  E.  N.  D'Oyly, 
Mackay  Fellow  in  Electrical  Engineering  of  the  University  of 
California.  To  Miss  S.  H.  Levy  the  utmost  recognition  is  due  for 
her  untiring  interest  and  helpful  suggestions  during  the  progress 
of  the  computations,  and  for  whatever  freedom  from  typograph- 
ical errors  these  tables  may  be  found  to  possess.  To  the  Univer- 
sity Printing  Office  thanks  are  extended  for  its  care  in  the 
printing  of  these  tables  and  for  its  ready  compliance  with 
requests  by  the  authors  for  special  processes  devised  to  reduce 
the  probability  of  errors. 

Transmitted  April  16,  1917. 
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TABLE  I. 

LOGio  SINH  X 

X 

log  sinh 

X 

X 

lOi 

g  sinh 

X 

0.000 

— Inf 

0.040 

8.6021 

7579 

7014 

0.001 

7.0000 

0007 

2382 

0.041 

8.6129 

0552 

4740 

0.002 

7.3010 

3028 

5194 

0.042 

8.6233 

7696 

5469 

0.003 

7.4771 

2190 

6162 

0.043 

8.6336 

0228 

2415 

0.004 

7.6020 

6114 

9446 

0.044 

8.6435 

9279 

9797 

0.005 

7.6989 

7181 

3895 

0.045 

8.6533 

5907 

8270 

0.006 

7.7781 

5385 

6148 

0.046 

8.6629 

1098 

2068 

0.007 

7.8451 

0158 

6746 

0.047 

8.6722 

5773 

8916 

0.008 

7.9030 

9461 

9457 

0.048 

8.6814 

0799 

3651 

0.009 

7.9542 

4837 

2399 

0.049 

8.6903 

6985 

6297 

0.010 

8.0000 

0723 

8217 

0.050 

8.6991 

5094 

5293 

0.011 

8.0414 

0144 

3395 

0.051 

8.7077 

5842 

6436 

0.012 

8.0791 

9166 

9066 

0.052 

8.7161 

9904 

8043 

0.013 

8.1139 

5558 

4866 

0.053 

8.7244 

7917 

2767 

0.014 

8.1461 

4222 

2538 

0.054 

8.7326 

0480 

6429 

0.015 

8.1761 

0754 

4977 

0.055 

8.7405 

8162 

4221 

0.016 

8.2041 

3851 

2396 

0.056 

8.7484 

1499 

4532 

0.017 

8.2304 

6983 

9694 

0.057 

8.7561 

1000 

0670 

O.OIS 

8.2552 

9595 

6752 

0.058 

8.7636 

7146 

0705 

0.019 

8.2787 

7973 

0690 

0.059 

8.7711 

0394 

5594 

0.020 

8.3010 

5894 

8243 

0.060 

8.7784 

1179 

5811 

0.021 

8.3222 

5121 

4909 

0.061 

8.7855 

9913 

6574 

0.022 

8.3424 

5771 

3345 

0.062 

8.7926 

6989 

1853 

0.023 

8.3617 

6612 

5640 

0.063 

8.7996 

2779 

7256 

0.024 

8.3802 

5293 

3182 

0.064 

8.8064 

7641 

1882 

0.025 

8.3979 

8524 

6738 

0.065 

8.8132 

1912 

9283 

0.026 

8.4150 

2227 

7380 

0.066 

8.8198 

5918 

7567 

0.027 

8.4314 

1652 

9657 

0.067 

8.8263 

9967 

8750 

0.02S 

8.4472 

1477 

7671 

0.068 

8.8328 

4355 

7414 

0.029 

8.4624 

5886 

9803 

0.069 

8.8391 

9364 

8735 

0.030 

8.4771 

8639 

6938 

0.070 

8.8454 

5265 

5929 

0.031 

8.4914 

3125 

1105 

0.071 

8.8516 

2316 

7174 

0.032 

8.5052 

2409 

5382 

0.072 

8.8577 

0766 

2045 

0.033 

8.5185 

9276 

1465 

0.073 

8.8637 

0851 

7508 

0.034 

8.5315 

6258 

7888 

0.074 

8.8696 

2801 

3503 

0.035 

8.5441 

5670 

9186 

0.075 

8.8754 

6833 

8155 

0.036 

8.5563 

9630 

4323 

0.076 

8.8812 

3159 

2637 

0.037 

8.5683 

0081 

1070 

0.077 

8.8869 

1979 

5719 

0.03S 

8.5798 

8811 

1792 

0.078 

8.8925 

3488 

8021 

0.039 

8.5911 

7469 

5096 

0.079 

8.8980 

7873 

5994 

0.040 

8.6021 

7579 

7014 

0.080 

8.9035 

5313 

5654 
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TABLE 

I.  LOGio 

SINH  X— {Continued) 

X 

log 

sinh  a 

X 

log 

sinh  X 

0.080 

8.9035 

5313 

5654 

0.120 

9.0802 

2305 

2954 

O.OSl 

8.9089 

5981 

6077 

0.121 

9.0838 

4460 

4521 

0.082 

8.9143 

0044 

2694 

0.122 

9.0874 

3663 

6520 

0.083 

8.9195 

7662 

0369 

0.123 

9.0909 

9963 

3259 

0.084 

8.9247 

8989 

6303 

0.124 

9.0945 

3406 

7286 

0.085 

8.9299 

4176 

2764 

0.125 

9.0980 

4039 

9755 

0.086 

8.9350 

3365 

9658 

0.126 

9.1015 

1908 

0803 

0.087 

8.9400 

6697 

6949 

0.127 

9.1049 

7054 

9885 

0.088 

8.9450 

4305 

6941 

0.128 

9.1083 

9523 

6119 

0.089 

8.9499 

6319 

6438 

0.129 

9.1117 

9355 

8605 

0.090 

8.9548 

2864 

8771 

0.130 

9.1151 

6592 

6731 

0.091 

8.9596 

4062 

5721 

0.131 

9.1185 

1274 

0476 

0.092 

8.9644 

0029 

9340 

0.132 

9.1218 

3439 

0691 

0.093 

8.9691 

0880 

3663 

0.133 

9.1251 

3125 

9379 

0.094 

8.9737 

6723 

6338 

0.134 

9.1284 

0371 

9957 

0.095 

8.9783 

7666 

0165 

0.135 

9.1316 

5213 

7514 

0.096 

8.9829 

3810 

4558 

0.136 

9.1348 

7686 

9055 

0.097 

8.9874 

5256 

6925 

0.137 

9.1380 

7826 

3739 

0.098 

8.9919 

2101 

3984 

0.138 

9.1412 

5666 

3103 

0.099 

8.9963 

4438 

3011 

0.139 

9.1444 

1240 

1290 

0.100 

9.0007 

2358 

3015 

0.140 

9.1475 

4580 

5256 

0.101 

9.0050 

5949 

5876 

0.141 

9.1506 

5719 

4975 

0.102 

9.0093 

5297 

7402^ 

0.142 

9.1537 

4688 

3634 

0.103 

9.0136 

0485 

8357 

0.143 

9.1568 

1517 

7831 

0.104 

9.0178 

1594 

5421 

0.144 

9.1598 

6237 

7751 

0.105 

9.0219 

8702 

2115 

0.145 

9.1628 

8877 

7347 

0.106 

9.0261 

1884 

9678 

0.146 

9.1658 

9466 

4510 

0.107 

9.0302 

1216 

7907 

0.147 

9.1688 

8032 

1238 

0.108 

9.0342 

6769 

5951 

0.148 

9.1718 

4602 

3791 

0.109 

9.0382 

8613 

3075 

0.149 

9.1747 

9204 

2846 

0.110 

9.0422 

6815 

9384 

0.150 

9.1777 

1864 

3652 

0.111 

9.0462 

1443 

6520 

0.151 

9.1806 

2608 

6167 

0.112 

9.0501 

2560 

8318 

0.152 

9.1835 

1462 

5204 

0.113 

9.0540 

0230 

1450 

0.153 

9.1863 

8451 

0560 

0.114 

9.0578 

4512 

6016 

0.154 

9.1892 

3598 

7152 

0.115 

9.0616 

5467 

6137 

0.155 

9.1920 

6929 

5139 

0.116 

9.0654 

3153 

0496 

0.156 

9.1948 

8467 

0049 

0.117 

9.0691 

7625 

2878 

0.157 

9.1976 

8234 

2892 

0.118 

9.0728 

8939 

2669 

0.158 

9.2004 

6254 

0280 

0.119 

9.0765 

7148 

5350 

0.159 

9.2032 

2548 

4533 

0.120 

9.0802 

2305 

2954 

0.160 

9.2059 

7139 

3793 
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TABLE  I.  LOGio  SINH 

.r  log  sinh  x 

0.160  9.2059  7139  3793 

0.161  9.2087  0048  2118 

0.162  9.2114  1295  9597 

0.163  9.2141  0903  2433 

0.164  9.2167  8890  3051 

0.165  9.2194  5277  0181 

0.166  9.2221  0082  8951 

0.167  9.2247  3327  0972 

0.168  9.2273  5028  4426 

0.169  9.2299  5205  4140 

0.170  9.2325  3876  1672 

0.171  9.2351  1058  5385 

0.172  9.2376  6770  0523 

0.173  9.2402  1027  9278 

0.174  9.2427  3849  0869 

0.175  9.2452  5250  1601 

0.176  9.2477  5247  4941 

0.177  9.2502  3857  1572 

0.178  9.2527  1094  9465 

0.179  9.2551  6976  3935 

0.180  9.2576  1516  7698 

0.181  9.2600  4731  0935 

0.182  9.2624  6634  1344 

0.183  9.2648  7240  4192 

0.184  9.2672  6564  2376 

0.185  9.2696  4619  6463 

0.186  9.2720  1420  4751 

0.187  9.2743  6980  3310 

0.188  9.2767  1312  6038 

0.189  9.2790  4430  4694 

0.190  9.2813  6346  8957 

0.191  9.2836  7074  6460 

0.192  9.2859  6626  2841 

0.193  9.2882  5014  1772 

0.194  9.2905  2250  5014 

0.195  9.2927  8347  2448 

0.196  9.2950  3316  2113 

0.197  9.2972  7169  0250 

0.198  9.2994  9917  1330 

0.199  9.3017  1571  8094 

0.200  9.3039  2144  1590 


X — (Continued) 


X 

lo<2 

;■  sinh  x 

0.200 

9.3039 

2144 

1590 

0.201 

9.3061 

1645 

1201 

0.202 

9.3083 

0085 

4686 

0.203 

9.3104 

7475 

8201 

0.204 

9.3126 

3826 

6343 

0.205 

9.3147 

9148 

2170 

0.206 

9.3169 

3450 

7235 

0.207 

9.3190 

6744 

1620 

0.208 

9.3211 

9038 

3956 

0.209 

9.3233 

0343 

1454 

0.210 

9.3254 

0667 

9937 

0.211 

9.3275 

0022 

3857 

0.212 

9.3295 

8415 

6329 

0.213 

9.3316 

5856 

9152 

0.214 

9.3337 

2355 

2837 

0.215 

9.3357 

7919 

6627 

0.216 

9.3378 

2558 

8521 

0.217 

9.3398 

6281 

5302 

0.218 

9.3418 

9096 

2552 

0.219 

9.3439 

1011 

4681 

0.220 

9.3459 

2035 

4944 

0.221 

9.3479 

2176 

5461 

0.222 

93499 

1442 

7244 

0.223 

9.3518 

9842 

0206 

0.224 

9.3538 

7382 

3194 

0.225 

9.3558 

4071 

3996 

0.226 

9.3577 

9916 

9369 

0.227 

9.3597 

4926 

5048 

0.228 

9.3616 

9107 

5774 

0.229 

9.3636 

2467 

5305 

0.230 

9.3655 

5013 

6433 

0.231 

9.3674 

6753 

1002 

0.232 

9.3693 

7692 

9930 

0.233 

9.3712 

7840 

3214 

0.234 

9.3731 

7201 

9953 

0.235 

9.3750 

5784 

8363 

0.236 

9.3769 

3595 

5789 

0.237 

9.3788 

0640 

8723 

0.238 

9.3806 

6927 

2817 

0.239 

9.3825 

2461 

2894 

0.240 

9.3843 

7249 

2972 
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TABLE  I.  LOGio  SINK 

X  log  sinh  X 

0.240  9.3843  7249  2972 

0.241  9.3862  1297  6260 

0.242  9.3880  4612  5188 

0.243  9.3898  7200  1414 

0.244  9.3916  9066  5835 

0.245  9.3935  0217  8596 

0.246  9.3953  0659  9115 

0.247  9.3971  0398  6081 

0.248  9.3988  9439  7472 

0.249  9.4006  7789  0568 

0.250  9.4024  5452  1957 

0.251  9.4042  2434  7553 

0.252  9.4059  8742  2599 

0.253  9.4077  4380  1682 

0.254  9.4094  9353  8746 

0.255  9.4112  3668  7096 

0.256  9.4129  7329  9411 

0.257  9.4147  0342  7754 

0.258  9.4164  2712  3583 

0.259  9.4181  4443  7755 

0.260  9.4198  5542  0543 

0.261  9.4215  6012  1635 

> 

0.262  9.4232  5859  0156 

0.263  9.4249  5087  4664 

0.264  9.4266  3702  3167 

0.265  9.4283  1708  3126 

0.266  9.4299  9110  1465 

0.267  9.4316  5912  4584 

0.268  9.4333  2119  8356 

0.269  9.4349  7736  8146 

0.270  9.4366  2767  8813 

0.271  9.4382  7217  4717 

0.272  9.4399  1089  9729 

0.273  9.4415  4389  7235 

0.274  9.4431  7121  0147 

0.275  9.4447  9288  0905 

0.276  9.4464  0895  1490 

0.277  9.4480  1946  3424 

0.278  9.4496  2445  7783 

0.279  9.4512  2397  5200 

0.280  9.4528  1805  5867 


X —  ( Continued  ) 

X  log  sinh  X 

0.280  9.4528  1805  5867 

0.281  9.4544  0673  9552 

0.282  9.4559  9006  5594 

0.283  9.4575  6807  2920 

0.284  9.4591  4080  0036 

0.285  9.4607  0828  5050 

0.286  9.4622  7056  5668 

0.287  9.4638  2767  9198 

0.288  9.4653  7966  2558 

0.289  9.4669  2655  2285 

0.290  9.4684  6838  4535 

0.291  9.4700  0519  5092 

0.292  9.4715  3701  9369 

0.293  9.4730  6389  2420 

0.294  9.4745  8584  8935 

0.295  9.4761  0292  3255 

0.296  9.4776  1514  9370 

0.297  9.4791  2256  0924 

0.298  9.4806  2519  1224 

0.299  9.4821  2307  3242 

0.300  9.4836  1623  9624 

0.301  9.4851  0472  2679 

0.302  9.4865  8855  4401 

0.303  9.4880  6776  6467 

0.304  9.4895  4239  0239 

0.305  9.4910  1245  6771 

0.306  9.4924  7799  6810 

0.307  9.4939  3904  0804 

0.308  9.4953  9561  8902 

0.309  9.4968  4776  0960 

0.310  9.4982  9549  6543 

0.311  9.4997  3885  4936 

0.312  9.5011  7786  5134 

0.313  9.5026  1255  5858 

0.314  9.5040  4295  5552 

0.315  9.5054  6909  2391 

0.316  9.5068  9099  4278 

0.317  9.5083  0868  8853 

0.318  9.5097  2220  3498 

0.319  9.5111  3156  5334 

0.320     9.5125  3680  1225 
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TABLE 

I.  LOGio  SINH 

X — {Continued) 

X 

log  sinh ; 

X 

X 

log  sinh  i 

V 

0.320 

9.5125 

3680 

1225 

0.360 

9.5656 

4306 

6943 

0.321 

9.5139 

3793 

7785 

0.361 

9.5668 

9950 

9171 

0.322 

9.5153 

3500 

1380 

0.362 

9.5681 

5275 

9955 

0.323 

9.5167 

2801 

8131 

0.363 

9.5694 

0283 

7663 

0.324 

9.5181 

1701 

3916 

0.364 

9.5706 

4976 

0509 

0.325 

9.5195 

0201 

4372 

0.365 

9.5718 

9354 

6557 

0.326 

9.5208 

8304 

4903 

0.366 

9.5731 

3421 

3724 

0.327 

9.5222 

6013 

0676 

0.367 

9.5743 

7177 

9777 

0.328 

9.5236 

3329 

6630 

0.368 

9.5756 

0626 

2343 

0.329 

9.5250 

0256 

7473 

0.369 

9.5768 

3767 

8898 

0.330 

9.5263 

6796 

7689 

0.370 

9.5780 

6604 

6783 

0.331 

9.5277 

2952 

1540 

0.371 

9.5792 

9138 

3193 

0.332 

9.5290 

8725 

3068 

0.372 

9.5805 

1370 

5186 

0.333 

9.5304 

4118 

6100 

0.373 

9.5817 

3302 

9683 

0.334 

9.5317 

9134 

4244 

0.374 

9.5829 

4937 

3470 

0.335 

9.5331 

3775 

0900 

0.375 

9.5841 

6275 

3197 

0.336 

9.5344 

8042 

9255 

0.376 

9.5853 

7318 

5378 

0.337 

9.5358 

1940 

2292 

0.377 

9.5865 

8068 

6398 

0.338 

9.5371 

5469 

2791 

0.378 

9.5877 

8527 

2512 

0.339 

9.5384 

8632 

3324 

0.379 

9.5889 

8695 

9846 

0.340 

9.5398 

1431 

6268 

0.380 

9.5901 

8576 

4397 

0.341 

9.5411 

3869 

3801 

0.381 

9.5913 

8170 

2035 

0.342 

9.5424 

5947 

7907 

0.382 

9.5925 

7478 

8508 

0.343 

9.5437 

7669 

0376 

0.383 

9.5937 

6503 

9439 

0.344 

9.5450 

9035 

2809 

0.384 

9.5949 

5247 

0326 

0.345 

9.5464 

0048 

6616 

0.385 

9.5961 

3709 

6546 

0.346 

9.5477 

0711 

3024 

0.386 

9.5973 

1893 

3363 

0.347 

9.5490 

1025 

3075 

0.387 

9.5984 

9799 

5914 

0.348 

9.5503 

0992 

7628 

0.388 

9.5996 

7429 

9223 

0.349 

9.5516 

0615 

7361 

0.389 

9.6008 

4785 

8195 

0.350 

9.5528 

9896 

2778 

0.390 

9.6020 

1868 

7624 

0.351 

9.5541 

8836 

4206 

0.391 

9.6031 

8680 

2187 

0.352 

9.5554 

7438 

1797 

0.392 

9.6043 

5221 

6448 

0.353 

9.5567 

5703 

5532 

0.393 

9.6055 

1494 

4862 

0.354 

9.5580 

3634 

5222 

0.394 

9.6066 

7500 

1772 

0.355 

9.5593 

1233 

0511 

0.395 

9.6078 

3240 

1411 

0.356 

9.5605 

8501 

0877 

0.396 

9.6089 

8715 

7905 

0.357 

9.5618 

5440 

5632 

0.397 

9.6101 

3928 

5272 

0.358 

9.5631 

2053 

3928 

0.398 

9.6112 

8879 

7425 

0.359 

9.5643 

8341 

4754 

0.399 

9.6124 

3570 

8174 

0.360 

9.5656 

4306 

6943 

0.400 

9.6135 

8003 

1220 
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TABLE 

I.  LOGio 

SINH  X— {Continued) 

X 

Joi 

^  sinh . 

X 

X 

loj 

y  sinh  ; 

X 

0.400 

9.6135 

8003 

1220 

0.440 

9.6573 

7657 

5395 

0.401 

9.6147 

2178 

0164 

0.441 

9.6584 

2544 

7320 

0.402 

9.6158 

6096 

8504 

0.442 

9.6594 

7222 

5448 

0.403 

9.6169 

9760 

9641 

0.443 

9.6605 

1691 

9849 

0.404 

9.6181 

3171 

6872 

0.444 

9.6615 

5954 

0523 

0.405 

9.6192 

6330 

3396 

0.445 

9.6626 

0009 

7402 

0.406 

9.6203 

9238 

2315 

0.446 

9.6636 

3860 

0352 

0.407 

9.6215 

1896 

6635 

0.447 

9.6646 

7505 

9173 

0.408 

9.6226 

4306 

9263 

0.448 

9.6657 

0948 

3601 

0.409 

9.6237 

6470 

3013 

0.449 

9.6667 

4188 

3299 

0.410 

9.6248 

8388 

0606 

0.450 

9.6677 

7226 

7874 

0.411 

9.6260 

0061 

4666 

0.451 

9.6688 

0064 

6866 

0.412 

9.6271 

1491 

7730 

0.452 

9.6698 

2702 

9750 

0.413 

9.6282 

2680 

2239 

0.453 

9.6708 

5142 

5936 

0.414 

9.6293 

3628 

0548 

0.454 

9.6718 

7384 

4777 

0.415 

9.6304 

4336 

4917 

0.455 

9.6728 

9429 

5561 

0.416 

9.6315 

4806 

7522 

0.456 

9.6739 

1278 

7514 

0.417 

9.6326 

5040 

0447 

0.457 

9.6749 

2932 

9804 

0.418 

9.6337 

5037 

5691 

0.458 

9.6759 

4393 

1534 

0.419 

9.6348 

4800 

5170 

0.459 

9.6769 

5660 

1752 

0.420 

9.6359 

4330 

0709 

0.460 

9.6779 

6734 

9444 

0.421 

9.6370 

3627 

4051 

0.461 

9.6789 

7618 

3536 

0.422 

9.6381 

2693 

6855 

0.462 

9.6799 

8311 

2901 

0.423 

9.6392 

1530 

0697 

0.463 

9.6809 

8814 

6350 

0.424 

9.6403 

0137 

7072 

0.464 

9.6819 

9129 

2638 

0.425 

9.6413 

8517 

7390 

0.465 

9.6829 

9256 

0461 

0.426 

9.6424 

6671 

2985 

0.466 

9.6839 

9195 

8463 

0.427 

9.6435 

4599 

5109 

0.467 

9.6849 

8949 

5229 

0.428 

9.6446 

2303 

4933 

0.468 

9.6859 

8517 

9289 

0.429 

9.6456 

9784 

3552 

0.469 

9.6869 

7901 

9120 

0.430 

9.6467 

7043 

1981 

0.470 

9.6879 

7102 

3142 

0.431 

9.6478 

4081 

1161 

0.471 

9.6889 

6119 

9722 

0.432 

9.6489 

0899 

1956 

0.472 

9.6899 

4955 

7177 

0.433 

9,6499 

7498 

5154 

0.473 

9.6909 

3610 

3766 

0.434 

9.6510 

3880 

1465 

0.474 

9.6919 

2084 

7697 

0.435 

9.6521 

0045 

1529 

0.475 

9.6929 

0379 

7128 

0.436 

9.6531 

5994 

5912 

0.476 

9.6938 

8496 

0161 

0.437 

9.6542 

1729 

5105 

0.477 

9.6948 

6434 

4854 

0.438 

9.6552 

7250 

9530 

0.478 

9.6958 

4195 

9205 

0.439 

9.6563 

2559 

9533 

0.479 

9.6968 

1781 

1170 

0.440 

9.6573 

7657 

5395 

0.480 

9.6977 

9190 

8651 
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TABLE  I. 

LOG  10  SINH  X- 

-(Continued) 

X 

log 

:  sinh  X 

Ai 

A, 

A, 

A4 

0.480 

9.6977 

9190 

8651 

9 

7235 

0846 

—174 

6635 

7807 

—42 

0.481 

9.6987 

6425 

9497 

9 

7061 

2018 

—173 

8828 

7755 

—52 

0.482 

9.6997 

3487 

1515 

9 

6888 

0945 

—173 

1073 

7704 

—51 

0.483 

9.7007 

0375 

2460 

9 

6715 

7576 

—172 

3369 

7662 

— 42 

0.484 

9.7016 

7091 

0036 

9 

6544 

1869 

—171 

5707 

7609 

—53 

0.485 

9.7026 

3635 

1905 

9 

6373 

3771 

—170 

8098 

7566 

— 43 

0.486 

9.7036 

0008 

5676 

9 

6203 

3239 

—170 

0532 

7516 

— 50 

0.487 

9.7045 

6211 

8915 

9 

6034 

0223 

—169 

3016 

7469 

— 47 

0.488 

9.7055 

2245 

9138 

9 

5865 

4676 

—168 

5547 

7428 

—41 

0.489 

9.7064 

Sill 

3814 

9 

5697 

6557 

—167 

8119 

7378 

—50 

0.490 

9.7074 

3809 

0371 

9 

5530 

5816 

—167 

0741 

7334 

— 44 

0.491 

9.7083 

9339 

6187 

9 

5364 

2409 

—166 

3407 

7289 

—45 

0.492 

9.7093 

4703 

8596 

9 

5198 

6291 

—165 

6118 

7245 

—44 

0.493 

9.7102 

9902 

4887 

9 

5033 

7418 

—164 

8873 

7201 

—44 

0.494 

9.7112 

4936 

2305 

9 

4869 

5746 

—164 

1672 

7155 

—46 

0.495 

9.7121 

9805 

8051 

9 

4706 

1229 

—163 

4517 

7115 

— 40 

0.496 

9.7131 

4511 

9280 

9 

4543 

3827 

—162 

7402 

7070 

— 45 

0.497 

9.7140 

9055 

3107 

9 

4381 

3495 

—162 

0332 

7025 

—45 

0.498 

9.7150 

3436 

6602 

9 

4220 

0188 

—161 

3307 

6988 

—37 

0.499 

9.7159 

7656 

6790 

9 

4059 

3869 

—160 

6319 

6942 

—46 

0.500 

9.7169 

1716 

0659 

9 

3899 

4492 

—159 

9377 

6901 

—41 

0.501 

9.7178 

5615 

5151 

9 

3740 

2016 

—159 

2476 

6859 

—42 

0.502 

9.7187 

9355 

7167 

9 

3581 

6399 

-158 

5617 

6820 

—39 

0.503 

9.7197 

2937 

3566 

9 

3423 

7602 

—157 

8797 

6777 

—43 

0.504 

9.7206 

6361 

1168 

9 

3266 

5582 

—157 

2020 

6737 

—40 

0.505 

9.7215 

9627 

6750 

9 

3110 

0299 

—156 

5283 

6697 

—40 

0.506 

9.7225 

2737 

7049 

9 

2954 

1713 

—155 

8586 

6660 

—37 

0.507 

9.7234 

5691 

8762 

9 

2798 

9787 

—155 

1926 

6616 

—44 

0.508 

9.7243 

8490 

8549 

9 

2644 

4477 

—154 

5310 

6580 

—36 

0.509 

9.7253 

1135 

3026 

9 

2490 

5747 

—153 

8730 

6540 

—40 

0.510 

9.7262 

3625 

8773 

9 

2337 

3557 

—153 

2190 

6502 

—38 

0.511 

9.7271 

5963 

2330 

9 

2184 

7869 

—152 

5688 

6461 

—41 

0.512 

9.7280 

8148 

0199 

9 

2032 

8642 

—151 

9227 

6427 

—34 

0.513 

9.7290 

0180 

8841 

9 

1881 

5842 

—151 

2800 

6388 

—39 

0.514 

9.7299 

2062 

4683 

9 

1730 

9430 

—150 

6412 

6350 

—38 

0.515 

9.7308 

3793 

4113 

9 

1580 

9368 

—150 

0062 

6311 

—39 

0.516 

9.7317 

5374 

3481 

9 

1431 

5617 

—149 

3751 

6279 

—32 

0.517 

9.7326 

6805 

9098 

9 

1282 

8145 

—148 

7472 

6239 

40 

0.518 

9.7335 

8088 

7243 

9 

1134 

6912 

—148 

1233 

6204 

—35 

0.519 

9.7344 

9223 

4155 

9 

0987 

1883 

—147 

5029 

6166 

-38 

0.520 

9.7354 

0210 

6038 

9 

0840 

3020 

—146 

8863 

6132 

—34 

0.521 

9.7363 

1050 

9058 

9 

0694 

0289 

—146 

2731 

6099 

—33 

0.522 

9.7372 

1744 

9347 

—145 

6632 

—39 

308 


X 
0.520 
0.521 
0.522 
0.523 
0.524 
0.525 
0.526 
0.527 
0.528 
0.529 
0.530 
0.531 
0.332 
0.533 
0.534 
0.535 
0.536 
0.537 
0.538 
0.539 
0.540 
0.541 
0.542 
0.543 
0.544 
0.545 
0.546 
0.547 
0.548 
0.549 
0.550 
0.551 
0.552 
0.553 
0.554 
0.555 
0.556 
0.557 
0.558 
0.559 
0.560 
0.561 
0.562 
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TABLE  I.  LOGio  SINK  X— (Continued) 
log  sinh  X  Ai 


9.7354  0210  6038 
9.7363  1050  9058 
9.7372  1744  9347 
9.7381  2293  3004 
9.7390  2696  6089 
9.7399  2955  4628 
9.7408  3070  4613 
9.7417  3042  2003 
9.7426  2871  2720 
9.7435  2558  2655 
9.7444  2103  7662 
9.7453  1508  3564 
9.7462  0772  6152 
9.7470  9897  1184 
9.7479  8882  4382 
9.7488  7729  1438 
9.7497  6437  8013 
9.7506  5008  9734 
9.7515  3443  2198 
9.7524  1741  0970 
9.7532  9903  1585 
9.7541  7929  9544 
9.7550  5822  0321 ' 
9.7559  3579  9357 
9.7568  1204  2063 
9.7576  8695  3822 
9.7585  6053  9984 
9.7594  3280  5873 
9.7603  0375  6780 
9.7611  7339  7970 
9.7620  4173  4677 
9.7629  0877  2108 
9.7637  7451  5439 
9.7646  3896  9820 
9.7655  0214  0372 
9.7663  6403  2188 
9.7672  2465  0335 
9.7680  8399  9850 
9.7689  4208  5743 
9.7697  9891  2997 
9.7706  5448  6569 
9.7715  0881  1390 
9.7723  6189  2363 


9  0840  3020 
9  0694  0289 
9  0548  3657 
9  0403  3085 
9  0258  8539 
9  0114  9985 
8  9971  7390 
8  9829  0717 
8  9686  9935 
8  9545  5007 
8  9404  5902 
8  9264  2588 
8  9124  5032 
8  8985  3198 
8  8846  7056 
8  8708  6575 
8  8571  1721 
8  8434  2464 
8  8297  8772 
8  8162  0615 
8  8026  7959 
8  7892  0777 
8  7757  9036 
8  7624  2706 
8  7491  1759 
8  7358  6162 
8  7226  5889 
8  7095  0907 
8  6964  1190 
8  6833  6707 
8  6703  7431 
8  6574  3331 
8  6445  4381 
8  6317  0552 
8  6189  1816 
8  6061  8147 
8  5934  9515 
8  5808  5893 
8  5682  7254 
8  5557  3572 
8  5432  4821 
8  5308  0973 


—146  8863 
—146  2731 
—145  6632 
—145  0572 
— 144  4546 
— 143  8554 
—143  2595 
— 142  6673 
— 142  0782 
— 141  4928 
—140  9105 
—140  3314 
—139  7556 
— 139  1834 
—138  6142 
— 138  0481 
— 137  4854 
—136  9257 
—136  3692 
—135  8157 
— 135  2656 
— 134  7182 
— 134  1741 
—133  6330 
—133  0947 
—132  5597 
— 132  0273 
— 131  4982 
—130  9717 
— 130  4483 
— 129  9276 
— 129  4100 
—128  8950 
— 128  3829 
—127  8736 
—127  3669 
—126  8632 
— 126  3622 
—125  8639 
—125  3682 
—124  8751 
—124  3848 
—123  8973 


^3 

6132 

6099 

6060 

6026 

5992 

5959 

5922 

5891 

5854 

5823 

5791 

5758 

5722 

5692 

5661 

5627 

5597 

5565 

5535 

5501 

5474 

5441 

5411 

5383 

5350 

5324 

5291 

5265 

5234 

5207 

5176 

5150 

5121 

5093 

5067 

5037 

5010 

4983 

4957 

4931 

4903 

4875 


^4 

—34 

—33 

—39 

—34 

—34 

—33 

—37 

—31 

—37 

—31 

—32 

—33 

—36 

—30 

—31 

—34 

—30 

—32 

—30 

—34 

—27 

—33 

—30 

—28 

—33 

—26 

—33 

—26 

—31 

—27 

—31 

—26 

—29 

—28 

—26 

—30 

—27 

—27 

—26 

—26 

—28 

—28 

—22 


Vol.1]  Pernot-Woods. — Logarithms  of  Hyperbolic  Functions  309 


TABLE  I. 

LOG 

10  SINH  X- 

-(Continued) 

X 

log  sinh  , 

X 

^1 

^2 

As 

A4 

0.560 

9.7706 

5448 

6569 

8 

5432 

4821 

—124 

8751 

4903 

—28 

0.561 

9.7715 

0881 

1390 

8 

5308 

0973 

—124 

3848 

4875 

—28 

0.562 

9.7723 

6189 

2363 

8 

5184 

2000 

—123 

8973 

4853 

—22 

0.563 

9.7732 

1373 

4363 

8 

5060 

7880 

—123 

4120 

4825 

—28 

0.564 

9.7740 

6434 

2243 

8 

4937 

8585 

—122 

9295 

4799 

—26 

0.565 

9.7749 

1372 

0828 

8 

4815 

4089 

— 122 

4496 

4771 

—28 

0.566 

9.7757 

6187 

4917 

8 

4693 

4364 

—121 

9725 

4749 

—22 

0.567 

9.7766 

0880 

9281 

8 

4571 

9388 

— 121 

4976 

4724 

—25 

0.568 

9.7774 

5452 

8669 

8 

4450 

9136 

—121 

0252 

4697 

—27 

0.569 

9.7782 

9903 

7805 

S 

4330 

3581 

—120 

5555 

4674 

—23 

0.570 

9.7791 

4234 

1386 

8 

4210 

2700 

— 120 

0881 

4647 

—27 

0.571 

9.7799 

8444 

4086 

8 

4090 

6466 

—119 

6234 

4624 

—23 

0.572 

9.7808 

2535 

0552 

S 

3971 

4856 

—119 

1610 

4598 

—26 

0.573 

9.7816 

6506 

5408 

8 

3852 

7844 

—118 

7012 

4575 

—23 

0.574 

9.7825 

0359 

3252 

8 

3734 

5407 

—lis 

2437 

4551 

—24 

0.575 

9.7833 

4093 

8659 

8 

3616 

7521 

—117 

7886 

4528 

—23 

0.576 

9.7841 

7710 

6180 

8 

3499 

4163 

—117 

3358 

4502 

—26 

0.577 

9.7850 

1210 

0343 

8 

3382 

5307 

—116 

8856 

4480 

—22 

0.578 

9.7858 

4592 

5650 

8 

3266 

0931 

—116 

4376 

4456 

—24 

0.579 

9.7866 

7858 

6581 

8 

3150 

1011 

—115 

9920 

4434 

—22 

0.580 

9.7875 

1008 

7592 

8 

3034 

5525 

—115 

5486 

4410 

—24 

0.581 

9.7883 

4043 

3117 

8 

2919 

4449 

—115 

1076 

4386 

—24 

0.582 

9.7891 

6962 

7566 

8 

2804 

7759 

—114 

6690 

4365 

—21 

0.583 

9.7899 

9767 

5325 

8 

2690 

5434 

— 114 

2325 

4343 

— 22 

0.584 

9.7908 

2458 

0759 

8 

2576 

7452 

—113 

7982 

4317 

—26 

0.585 

9.7916 

5034 

8211 

8 

2463 

3787 

—113 

3665 

4297 

—20 

0.586 

9.7924 

7498 

1998 

8 

2350 

4419 

—112 

9368 

4277 

—20 

0.587 

9.7932 

9848 

6417 

8 

2237 

9328 

—112 

5091 

4253 

—24 

0.588 

9.7941 

2086 

5745 

8 

2125 

8490 

—112 

0838 

4230 

—23 

0.589 

9.7949 

4212 

4235 

8 

2014 

1882 

—111 

6608 

4209 

— 21 

0.590 

9.7957 

6226 

6117 

8 

1902 

9483 

— Ill 

2399 

4187 

— 22 

0.591 

9.7965 

8129 

5600 

8 

1792 

1271 

—110 

8212 

4168 

—19 

0.592 

9.7973 

9921 

6871 

8 

1681 

7227 

—110 

4044 

4144 

—24 

0.593 

9.7982 

1603 

4098 

8 

1571 

7327 

—109 

9900 

4125 

—19 

0.594 

9.7990 

3175 

1425 

8 

1462 

1552 

—109 

5115 

4102 

—23 

0.595 

9.7998 

4637 

2977 

8 

1352 

9879 

—109 

1613 

4083 

—19 

0.596 

9.8006 

5990 

2856 

8 

1244 

2289 

—108 

7590 

4062 

—21 

0.597 

9.8014 

7234 

5145 

8 

1135 

8761 

—108 

3528 

4042 

—20 

0.598 

9.8022 

8370 

3906 

8 

1027 

9275 

—107 

9486 

4020 

—22 

0.599 

9.8030 

9398 

3181 

8 

0920 

3809 

—107 

5466 

3998 

—22 

0.600 

9.8039 

0318 

6990 

8 

0813 

2341 

—107 

1468 

3982 

—16 

0.601 

9.8047 

1131 

9331 

8 

0706 

4855 

—106 

7486 

3959 

—23 

0.602 

9.8055 

1838 

4186 

—106 

3527 

—18 

310 


X 
0.600 
0.601 
0.602 
0.603 
0.604 
0.605 
0.606 
0.607 
0.608 
0.609 
0.610 
0.611 
0.612 
0.613 
0.614 
0.615 
0.616 
0.617 
0.61S 
0.619 
0.620 
0.621 
0.622 
0.623 
0.624 
0.625 
0.626 
0.627 
0.628 
0.629 
0.630 
0.631 
0.632 
0.633 
0.634 
0.635 
0.636 
0.637 
0.638 
0.639 
0.640 
0.641 
0.642 
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lo 
9.8039 
9.8047 
9.8055 
9.8063 
9.8071 
9.8079 
9.8087 
9.8095 
9.8103 
9.8111 
9.8119 
9.8127 
9.8135 
9.8143 
9.8151 
9.8159 
9.8167 
9.8174 
9.8182 
9.S190 
9.8198 
9.8206 
9.8214 
9.8222 
9.8230 
9.8237 
9.8245 
9.8253 
9.8261 
9.8269 
9.8276 
9.8284 
9.8292 
9.8300 
9.8308 
9.8315 
9.8323 
9.8331 
9.8338 
9.8346 
9.8354 
9.8362 
9.8369 


TABLE  I. 

sinh  X 
0318  6990 
1131  9331 
1838  4186 
2438  5514 
2932  7256 
3321  3333 
3604  7645 
3783  4074 
3857  6481 
3827   8710 
3694  4585 
3457  7909 
3118  2469 
2676  2033 
2132  0348 
1486  1144 
0738  8134 
9890  5010 
8941  5448 
7892  3104 
6743  1618 
5494  4613 
4146  5692 
2699  8440  ^ 
1154  6427 
9511  3204 
7770  2306 
5931  7249 
3996  1534 
1963  8645 
9835  2048 
7610  5191 
5290  1508 
2874  4417 
0363  7317 
7758  3592 
5058  6612 
2264  9728 
9377   6276 
6396  9575 
3323  2929 
0156  9627 
6898  2942 


LOGio  SINH  X- 

8  0813  2341 
8  0706  4855 
8  0600  1328 
8  0494  1742 
8  0388  6077 
8  0283  4312 
8  0178  6429 
8  0074  2407 
7  9970  2229 
7  9866  5875 
7  9763  3324 
7   9660  4560 
7  9557  9564 
7  9455  8315 
7  9354  0796 
7  9252  6990 
7   9151  6876 
7  9051  0438 
7  8950  7656 
7  8850  8514 
7  8751  2995 
7   8652  1079 
7   8553  2748 
7   8454  7987 
7   8356  6777 
7  8258  9102 
7   8161  4943 
7   8064  4285 
7  7967  7111 
7  7871  3403 
7  7775  3143 
7  7679  6317 
7  7584  2909 
7  7489  2900 
7  7394  6275 
7  7300  3020 
7  7206  3116 
7  7112  6548 
7  7019  3299 
7  6926  3354 
7  6833  6698 
7   6741  3315 


-(Continued) 

Ao 
—107  1468 

—106  7486 

—106  3527 

—105  9586 

—105  5665 

—105  1765 

—104  7883 

— 104  4022 

— 104  0178 

— 103  6354 

— 103  2551 

—102  8764 

— 102  4996 

— 102  1249 

—101  7519 

—101  3806 

— 101  0114 

— 100  6438 

— 100  2782 

—  99  9142 

—  99  5519 

—  99  1916 

—  98  8331 

—  98  4761 

—  98  1210 

—  97  7675 

—  97  4159 

—  97  0658 

—  96  7174 

—  96  3708 

—  96  0260 

—  95  6826 

—  95  3408 

—  95  0009 

—  94  6625 

—  94  3255 

—  93  9904 

—  93  6568 

—  93  3249 

—  92  9945 

—  92  6656 

—  92  3383 

—  92  0125 


3982 

3959 

3941 

3921 

3900 

3882 

3861 

3844 

3824 

3803 

3787 

3768 

3747 

3730 

3713 

3692 

3676 

3656 

3640 

3623 

3603 

3585 

3570 

3551 

3535 

3516 

3501 

3484 

3466 

3448 

3434 

3418 

3399 

3384 

3370 

3351 

3336 

3319 

3304 

3289 

3273 

3258 


"4 

—16 
—23 
—18 
— 20 
—21 
—IS 
— 21 
—17 
—20 
—21 
—16 
—19 
— 21 
—17 
.  —17 
—21 
—16 
—20 
—16 
—17 
—20 
—IS 
—15 
—19 
—16 
—19 
—15 
—17 
—18 
—18 
—14 
—16 
—19 
—15 
—14 
—19 
—15 
—17 
—15 
—15 
—16 
—15 
—16 
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TABLE  I. 

LOG  10  SI  Nil  X- 

-{Continued) 

X 

loo 

;  sinh  x 

Ax 

Ao 

A, 

A. 

0.640 

9.8354 

3323 

2929 

1 

6833 

6698 

—92 

6656 

3273 

—16 

0.641 

9.8362 

0156 

9627 

1 

6741 

3315 

—92 

3383 

3258 

—15 

0.642 

9.8369 

6898 

2942 

1 

6649 

3190 

—92 

0125 

3242 

—16 

0.643 

9.8377 

3547 

6132 

1 

6557 

6307 

—91 

6883 

3226 

—16 

0.644 

9.8385 

0105 

2439 

1 

6466 

2650 

—91 

3657 

3213 

—13 

0.645 

9.8392 

6571 

5089 

1 

6375 

2206 

—91 

0444 

3196 

—17 

0.646 

9.8400 

2946 

7295 

7 

6284 

4958 

—90 

7248 

3182 

—14 

0.647 

9.8407 

9231 

2253 

7 

6194 

0892 

—90 

4066 

3166 

—16 

0.648 

9.8415 

5425 

3145 

7 

6103 

9992 

—90 

0900 

3152 

—14 

0.649 

9.8423 

1529 

3137 

7 

6014 

2244 

—89 

7748 

3138 

—14 

0.650 

9.8430 

7543 

5381 

7 

5924 

7634 

—89 

4610 

3122 

—16 

0.651 

9.8438 

3468 

3015 

7 

5835 

6146 

—89 

1488 

3107 

—15 

0.652 

9.8445 

9303 

9161 

7 

5746 

7765 

—88 

8381 

3095 

—12 

0.653 

9.8453 

5050 

6926 

7 

5658 

2479 

-88 

5286 

3079 

—16 

0.654 

9.8461 

0708 

9405 

7 

5570 

0272 

—88 

2207 

3065 

—14 

0.655 

9.8468 

6278 

9611 

7 

5482 

1130 

87 

9142 

3050 

—15 

0.656 

9.8476 

1761 

0807 

7 

5394 

5038 

—87 

6092 

3036 

—14 

0.657 

9.8483 

7155 

5845 

7 

5307 

1982 

—87 

3056 

3023 

—13 

0.658 

9.8491 

2462 

7827 

7 

5220 

1949 

—87 

0033 

3008 

—15 

0.659 

9.8498 

7682 

9776 

7 

5133 

4924 

—86 

7025 

2996 

—12 

0.660 

9.8506 

2816 

4700 

7 

5047 

0895 

—86 

4029 

2981 

—15 

0.661 

9.8513 

7863 

5595 

7 

4960 

9847 

—86 

1048 

2966 

—15 

0.662 

9.8521 

2824 

5442 

7 

4875 

1765 

—85 

8082 

2955 

—11 

0.663 

9.8528 

7699 

7207 

7 

4789 

6638 

—85 

5127 

2940 

—15 

0.664 

9.8536 

2489 

3845 

7 

4704 

4451 

—85 

2187 

2926 

—14 

0.665 

9.8543 

7193 

8296 

7 

4619 

5190 

—84 

9261 

2914 

—12 

0.666 

9.8551 

1813 

3486 

7 

4534 

8843 

—84 

6347 

2899 

—15 

0.667 

9.8558 

6348 

2329 

7 

4450 

5395 

—84 

3448 

2888 

—11 

0.668 

9.8566 

0798 

7724 

7 

4366 

4835 

—84 

0560 

2874 

—14 

0.669 

9.8573 

5165 

2559 

7 

4282 

7149 

—83 

7686 

2859 

—15 

0.670 

9.8580 

9447 

9708 

7 

4199 

2322 

—83 

4827 

2849 

—10 

0.671 

9.8588 

3647 

2030 

7 

4116 

0344 

—83 

1978 

2834 

—15 

0.672 

9.8595 

7763 

2374 

7 

4033 

1200 

—82 

9144 

2824 

—10 

0.673 

9.8603 

1796 

3574 

7 

3950 

4880 

—82 

6320 

2809 

—15 

0.674 

9.8610 

5746 

8454 

7 

3868 

1369 

—82 

3511 

2795 

—14 

0.675 

9.8617 

9614 

9823 

7 

3786 

0653 

—82 

0716 

2784 

—11 

0.676 

9.8625 

3401 

0476 

7 

3704 

2721 

—81 

7932 

2772 

—12 

0.677 

9.8632 

7105 

3197 

7 

3622 

7561 

—81 

5160 

2759 

—13 

0.678 

9.8640 

0728 

0758 

7 

3541 

5160 

—81 

2401 

2748 

—11 

0.679 

9.8647 

4269 

5918 

7 

3460 

5507 

—80 

9653 

2733 

—15 

0.680 

9.8654 

7730 

1425 

7 

3379 

8587 

—80 

6920 

2722 

—11 

0.681 

9.8662 

1110 

0012 

7 

3299 

4389 

—80 

4198 

2712 

—10 

0.682 

9.8669 

4409 

4401 

—80 

1486 

—16 
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TABLE  L  LOGio  SINH  Z-(C 

ontinued) 

X 

log  sinh  X 

Ax 

A2 
— 80  6920 

A3 

A4 
—11 

0.680 

9.8654  7730  1425 

7  3379  8587 

80  4198 

2722 

—10 

0.681 

9.8662  1110  0012 

7  3299  4389 

—80  I486 

2712 

—16 

0.682 

9.8669  4409  4401 

7  3219  2903 

79  8790 

2696 

—10 

0.683 

9.8676  7628  7304 

7  3139  4113 

— 79  6104 

2686 

—11 

0.684 

9.8684  0768  1417 

7  3059  8009 

_79  3429 

2675 

—13 

0.685 

9.8691  3827  9426 

7  2980  4580 

—79  0767 

2662 

—12 

0.686 

9.8698  6808  4006 

7  2901  3813 

— 78  8117 

2650 

—12 

0.687 

9.8705  9709  7819 

7  2822  5696 

— 78  5479 

2638 

—10 

0.688 

9.8713  2532  3515 

7  2744  0217 

-78  2851 

2628 

—13 

0.689 

9.8720  5276  3732 

7  2665  7366 

— 78  0236 

2615 

—11 

0.690 

9.8727  7942  1098 

7  2587  7130 

—77  7632 

2604 

— 12 

0.691 

9.8735  0529  8228 

7  2509  9498 

— 77   5040 

2592 

—10 

0.692 

9.8742  3039  7726 

7   2432  4458 

— 77   2458 

2582 

—13 

0.693 

9.8749  5472  2184 

7   2355  2000 

—76  9889 

2569 

—12 

0.694 

9.8756  7827   4184 

7   2278  2111 

—76  7332 

2557 

—  9 

0.695 

9.8764  0105  6295 

7   2201  4779 

—76  4784 

2548 

—12 

0.696 

9.8771  2307   1074 

7   2124  9995 

_76  2248 

2536 

—11 

0.697 

9.8778  4432  1069 

7   2048  7747 

—75  9723 

2525 

—11 

0.698 

9.8785  6480  8816 

7   1972  8024 

—75  7209 

2514 

—11 

0.699 

9.8792  8453  6840 

7   1897   0815 

— 75  4706 

2503 

—10 

0.700 

9.8800  0350  7655 

7   1821  6109 

—75  2213 

2493 

—13 

0.701 

9.8807   2172  3764 

7  1746  3896 

—74  9733 

2480 

—10 

0.702 

9.8814  3918  7660 

7  1671  4163 

— 74  7263 

2470 

—  9 

0.703 

9.8821  5590  1823 

7  1596  6900 

— 74  4802 

2461 

—12 

0.704 

9.8828  7186  8723 

7   1522  2098 

74  2353 

2449 

—12 

0.705 

9.8835  8709  0821 

7  1447  9745 

—73  9916 

2437 

—  7 

0.706 

9.8843  0157  0566 

7  1373  9829 

—73  7486 

2430 

—13 

0.707 

9.8850  1531  0395 

7  1300  2343 

—73  5069 

2417 

—10 

0.708 

9.8857  2831  2738 

7   1226  7274 

—73  2662 

2407 

—10 

0.709 

9.8864  4058  0012 

7   1153  4612 

— ^73  0265 

2397 

—10 

0.710 

9.8871  5211  4624 

7  1080  4347 

72  7878 

2387 

—12 

0.711 

9.8878  6291  8971 

7  1007  6469 

— 72  5503 

2375 

—  8 

0.712 

9.8885  7299  5440 

7  0935  0966 

—72  3136 

2367 

—12 

0.713 

9.8892  8234  6406 

7   0862  7830 

—72  0781 

2355 

—  8 

0.714 

9.8899  9097  4236 

7  0790  7049 

— ^71  8434 

2347 

—11 

0.715 

9.8906  9888  1285 

7  0718  8615 

— 71  6098 

2336 

—11 

0.716 

9.8914  0606  9900 

7  0647  2517 

—71  3773 

2325 

—  8 

0.717 

9.8921  1254  2417 

7   0575  8744 

—71  1456 

2317 

—11 

0.718 

9.8928  1830  1161 

7   0504  7288 

70  9150 

2306 

—  9 

0.719 

9.8935  2334  8449 

7   0433  8138 

—70  6853 

2297 

—11 

0.720 

9.8942  2768  6587 

7  0363  1285 

_70  4567 

2286 

—  9 

0.721 

9.8949  3131  7872 

7   0292  6718 

— 70  2290 

2277 

—  9 

0.722 

9.8956  3424  4590 

Vol.  1]  Pernot-Woods. — Logarithms  of  Hyperholic  Functions  313 


TABLE  I. 

LOG 

10  SINH  A'— ( 

Contim 

lied) 

X 

log  sinh  X 

Ai 

^ 

^2 

A3 

A4 

0.720 

9.8942 

2768 

6587 

7 

0363 

1285 

—70 

6853 

2286 

—11 

0.721 

9.8949 

3131 

7872 

7 

0292 

6718 

—70 

4567 

2277 

—  9 

0.722 

9.8956 

3424 

4590 

7 

0222 

4428 

—70 

2290 

2268 

—  9 

0.723 

9.8963 

3646 

9018 

7 

0152 

4406 

—70 

0022 

2257 

—11 

0.724 

9.8970 

3799 

3424 

7 

0082 

6641 

—69 

7765 

2249 

—  8 

0.725 

9.8977 

3882 

0065 

7 

0013 

1125 

69 

5516 

2239 

—10 

0.726 

9.8984 

3895 

1190 

6 

9943 

7848 

69 

3277 

2229 

—10 

0.727 

9.8991 

3838 

9038 

6 

9874 

6800 

—69 

1048 

2221 

—  s 

0.728 

9.8998 

3713 

5838 

6 

9805 

7973 

-68 

8827 

2210 

—11 

0.729 

9.9005 

3519 

3811 

6 

9737 

1356 

68 

6617 

2202 

—  8 

0.730 

9.9012 

3256 

5167 

6 

9668 

6941 

—68 

4415 

2192 

—10 

0.731 

9.9019 

2925 

2108 

6 

9600 

4718 

-68 

2223 

2182 

—10 

0.732 

9.9026 

2525 

6826 

6 

9532 

4677 

—68 

0041 

2176 

—  6 

0.733 

9.9033 

2058 

1503 

6 

9464 

6812 

—67 

7865 

2166 

—10 

0.734 

9.9040 

1522 

8315 

6 

9397 

1113 

—67 

5699 

2154 

—12 

0.735 

9.9047 

0919 

9428 

6 

9329 

7568 

67 

3545 

2147 

—  7 

0.736 

9.9054 

0249 

6996 

6 

9262 

6170 

—67 

1398 

2138 

—  9 

0.737 

9.9060 

9512 

3166 

6 

9195 

6910 

—66 

9260 

2130 

—  8 

0.73S 

9.9067 

8708 

0076 

6 

9128 

9780 

—66 

7130 

2121 

—  9 

0.739 

9.9074 

7836 

9856 

6 

9062 

4771 

—66 

5009 

2110 

—11 

0.740 

9.9081 

6899 

4627 

6 

8996 

1872 

—66 

2899 

2104 

—  6 

0.741 

9.9088 

5895 

6499 

6 

8930 

1077 

—66 

0795 

2094 

—10 

0.742 

9.9095 

4825 

7576 

6 

8864 

2376 

65 

8701 

2085 

—  9 

0.743 

9.9102 

3689 

9952 

6 

8798 

5760 

—65 

6616 

2077 

—  8 

0.744 

9.9109 

2488 

5712 

6 

8733 

1221 

—65 

4539 

2070 

—  7 

0.745 

9.9116 

1221 

6933 

6 

8667 

8752 

—65 

2469 

2060 

—10 

0.746 

9.9122 

9889 

5685 

6 

8602 

8343 

—65 

0409 

2051 

—  9 

0.747 

9.9129 

8492 

4028 

6 

8537 

9985 

64 

8358 

2044 

—  7 

0.748 

9.9136 

7030 

4013 

6 

8473 

3671 

—64 

6314 

2033 

—11 

0.749 

9.9143 

5503 

7684 

6 

8408 

9390 

—64 

4281 

2028 

—  5 

0.750 

9.9150 

3912 

7074 

6 

8344 

7137 

—64 

2253 

2017 

— 11 

0.751 

9.9157 

2257 

4211 

6 

8280 

6901 

—64 

0236 

2010 

—  7 

0.752 

9.9164 

0538 

1112 

6 

8216 

8675 

—63 

8226 

2003 

—  7 

0.753 

9.9170 

8754 

9787 

6 

8153 

2452 

—63 

6223 

1993 

—10 

0.754 

9.9177 

6908 

2239 

6 

8089 

8222 

—63 

4230 

1986 

—  7 

0.755 

9.9184 

4998 

0461 

6 

8026 

5978 

63 

2244 

1978 

—  8 

0.756 

9.9191 

3024 

6439 

6 

7963 

5712 

—63 

0266 

1969 

—  9 

0.757 

9.9198 

0988 

2151 

6 

7900 

7415 

—62 

8297 

1962 

—  7 

0.758 

9.9204 

8888 

9566 

6 

7838 

1080 

—62 

6335 

1952 

— 10 

0.759 

9.9211 

6727 

0646 

6 

7775 

6697 

—62 

4383 

1947 

—  5 

0.760 

9.9218 

4502 

7343 

6 

7713 

4261 

—62 

2436 

1938 

—  9 

0.761 

9.9225 

2216 

1604 

6 

7651 

3763 

—62 

0498 

1930 

—  8 

0.762 

9.9231 

9867 

5367 

—61 

8568 

—  7 
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TABLE  I. 

LOGio  SINH  X— 

{Continued) 

X 

log 

sinh  X 

Ax 

^2 

As 

A4 

0.760 

9.9218 

4502 

7343 

6  7713 

4261 

—62  2436 

1938 

—  9 

0.761 

9.9225 

2216 

1604 

6  7651 

3763 

—62  0498 

1930 

—  8 

0.762 

9.9231 

9867 

5367 

6  7589 

5195 

—61  8568 

1923 

—  7 

0.763 

9.9238 

7457 

0562 

6  7527 

8550 

— 61  6645 

1914 

—  9 

0.764 

9.9245 

4984 

9112 

6  7466 

3819 

— 61  4731 

1908 

—  6 

0.765 

9.9252 

2451 

2931 

6  7405 

0996 

—61  2823 

1898 

— 10 

0.766 

9.9258 

9856 

3927 

6  7344 

0071 

—61  0925 

1892 

—  6 

0.767 

9.9265 

7200 

3998 

6  7283 

1038 

— 60  9033 

1883 

—  9 

0.768 

9.9272 

4483 

5036 

6  7222 

3888 

60  7150 

1878 

—  5 

0.769 

9.9279 

1705 

8924 

6  7161 

8616 

— 60  5272 

1870 

—  8 

0.770 

9.9285 

8867 

7540 

6  7101 

5214 

60  3402 

1861 

—  9 

0.771 

9.9292 

5969 

2754 

6  7041 

3673 

— 60  1541 

1854 

—  7 

0.772 

9.9299 

3010 

6427 

6  6981 

3986 

—59  9687 

1847 

—  7 

0.773 

9.9305 

9992 

0413 

6  6921 

6146 

—59  7840 

1840 

—  7 

0.774 

9.9312 

6913 

6559 

6  6862 

0146 

—59  6000 

1832 

—  8 

0.775 

9.9319 

3775 

6705 

6  6802 

5978 

— 59  4168 

1824 

—  8 

0.776 

9.9326 

0578 

2683 

6  6743 

3634 

— 59  2344 

1819 

—  5 

0.777 

9.9332 

7321 

6317 

6  6684 

3109 

— 59  0525 

1811 

—  8 

0.778 

9.9339 

4005 

9426 

6  6625 

4395 

—58  8714 

1804 

—  7 

0.779 

9.9346 

0631 

3821 

6  6566 

7485 

— 58  6910 

1795 

—  9 

0.780 

9.9352 

7198 

1306 

6  6508 

2370 

—58  5115 

1790 

—  5 

0.781 

9.9359 

3706 

3676 

6  6449 

9045 

—58  3325 

1782 

—  8 

0.782 

9.9366 

0156 

2721 

6  6391 

7502 

—58  1543 

1776 

—  6 

0.783 

9.9372 

6548 

0223  * 

6  6333 

7735 

—57  9767 

1768 

—  8 

0.784 

9.9379 

2881 

7958 

6  6275 

9736 

— 57  7999 

1761 

—  7 

0.785 

9.9385 

9157 

7694 

6  6218 

3498 

—57  6238 

1756 

—  5 

0.786 

9.9392 

5376 

1192 

6  6160 

9016 

—57  4482 

1746 

— 10 

0.787 

9.9399 

1537 

0208 

6  6103 

6280 

—57   2736 

1741 

—  5 

0.788 

9.9405 

7640 

6488 

6  6046 

5285 

— 57   0995 

1735 

—  6 

0.789 

9.9412 

3687 

1773 

6  5989 

6025 

—56  9260 

1727 

—  8 

0.790 

9.9418 

9676 

7798 

6  5932 

8492 

—56  7533 

1720 

—  7 

0.791 

9.9425 

5609 

6290 

6  5876 

2679 

—56  5813 

1714 

—  6 

0.792 

9.9432 

1485 

8969 

6  5819 

8580 

— 56     4099 

1708 

—  6 

0.793 

9.9438 

7305 

7549 

6  5763 

6189 

— 56  2391 

1700 

—  8 

0.794 

9.9445 

3069 

3738 

6  5707 

5498 

—56  0691 

1694 

—  6 

0.795 

9.9451 

8776 

9236 

6  5651 

6501 

—55  8997 

1689 

—  5 

0.796 

9.9458 

4428 

5737 

6  5595 

9193 

—55  7308 

1681 

—  8 

0.797 

9.9465 

0024 

4930 

6  5540 

3566 

—55  5627 

1672 

—  9 

0.798 

9.9471 

5564 

8496 

6  5484 

9611 

—55  3955 

1670 

—  2 

0.799 

9.9478 

1049 

8107 

6  5429 

7326 

—55     2285 

1660 

— 10 

0.800 

9.9484 

6479 

5433 

6  5374 

6701 

—55  0625 

1657 

—  3 

0.801 

9.9491 

1854 

2134 

6  5319 

7733 

—54  8968 

1647 

— 10 

0.802 

9.9497 

7173 

9867 

—54  7321 

—  3 
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TABLE  I. 

LOG 

10  SIN  [I  X- 

-(Continued) 

X 

log  sinh  X 

Ai 

A2 

A., 

A4 

0.800 

9.9484 

6479 

5433 

6 

5374 

6701 

—55 

0625 

1657 

—  3 

0.801 

9.9491 

1854 

2134 

6 

5319 

7733 

—54 

8968 

1647 

—10 

0.802 

9.9497 

7173 

9867 

6 

5265 

0412 

—54 

7321 

1644 

—  3 

0.803 

9.9504 

2439 

0279 

6 

5210 

4735 

—54 

5677 

1636 

—  8 

0.804 

9.9510 

7649 

5014 

6 

5156 

0694 

—54 

4041 

1630 

—  6 

0.805 

9.9517 

2805 

5708 

6 

5101 

8283 

—54 

2411 

1624 

—  6 

0.806 

9.9523 

7907 

3991 

6 

5047 

7496 

—54 

0787 

1617 

—  7 

0.807 

9.9530 

2955 

1487 

6 

4993 

8326 

—53 

9170 

1611 

—  6 

0.808 

9.9536 

7948 

9813 

6 

4940 

0767 

—53 

7559 

1606 

—  5 

0.809 

9.9543 

2889 

0580 

6 

4886 

4814 

—53 

5953 

1598 

—  8 

0.810 

9.9549 

7775 

5394 

6 

4833 

0459 

—53 

4355 

1594 

—  4 

0.811 

9.9556 

2608 

5853 

6 

4779 

7698 

—53 

2761 

1588 

—  6 

0.812 

9.9562 

7388 

3551 

6 

4726 

6525 

—53 

1173 

1579 

—  9 

0.813 

9.9569 

2115 

0076 

6 

4673 

6931 

—52 

9594 

1576 

—  3 

0.814 

9.9575 

6788 

7007 

6 

4620 

8913 

—52 

8018 

1569 

—  7 

0.815 

9.9582 

1409 

5920 

6 

4568 

2464 

—52 

6449 

1562 

—  7 

0.816 

9.9588 

5977 

8384 

6 

4515 

7577 

—52 

4887 

1558 

—  4 

0.817 

9.9595 

0493 

5961 

6 

4463 

4248 

—52 

3329 

1552 

—  6 

0.818 

9.9601 

4957 

0209 

6 

4411 

2471 

—52 

1777 

1545 

—  7 

0.819 

9.9607 

9368 

2680 

6 

4359 

2239 

—52 

0232 

1538 

—  7 

0.820 

9.9614 

3727 

4919 

6 

4307 

3545 

—51 

8694 

1535 

—  3 

0.821 

9.9620 

8034 

8464 

6 

4255 

6386 

—51 

7159 

1528 

—  7 

0.822 

9.9627 

2290 

4850 

6 

4204 

0755 

—51 

5631 

1523 

—  5 

0.823 

9.9633 

6494 

5605 

6 

4152 

6647 

— 51 

4108 

1516 

—  7 

0.824 

9.9640 

0647 

2252 

6 

4101 

4055 

—51 

2592 

1511 

—  5 

0.825 

9.9646 

4748 

6307 

6 

4050 

2974 

—51 

1081 

1506 

—  5 

0.826 

9.9652 

8798 

9281 

6 

3999 

3399 

—50 

9575 

1499 

—  7 

0.827 

9.9659 

2798 

2680 

6 

3948 

5323 

—50 

8076 

1493 

—  6 

0.828 

9.9665 

6746 

8003 

6 

3897 

8740 

—50 

6583 

1490 

—  3 

0.829 

9.9672 

0644 

6743 

6 

3847 

3647 

—50 

5093 

1483 

—  7 

0.830 

9.9678 

4492 

0390 

6 

3797 

0037 

—50 

3610 

1477 

—  6 

0.831 

9.9684 

8289 

0427 

6 

3746 

7904 

—50 

2133 

1471 

—  6 

0.832 

9.9691 

2035 

8331 

6 

3696 

7242 

—50 

0662 

1467 

—  4 

0.833 

9.9697 

5732 

5573 

6 

3646 

8047 

—49 

9195 

1460 

—  7 

0.834 

9.9703 

9379 

3620 

6 

3597 

0312 

—49 

7735 

1458 

—  2 

0.835 

9.9710 

2976 

3932 

6 

3547 

4035 

49 

6277 

1450 

—  8 

0.836 

9.9716 

6523 

7967 

6 

3497 

9208 

—49 

4827 

1444 

—  6 

0.837 

9.9723 

0021 

7175 

6 

3448 

5825 

—49 

3383 

1438 

—  6 

0.838 

9.9729 

3470 

3000 

6 

3399 

3880 

—49 

1945 

1436 

—  2 

0.839 

9.9735 

6869 

6880 

6 

3350 

3371 

—49 

0509 

1429 

—  7 

0.840 

9.9742 

0220 

0251 

6 

3301 

4291 

—48 

9080 

1424 

—  5 

0.841 

9.9748 

3521 

4542 

6 

3252 

6635 

-48 

7656 

1416 

—  8 

0.842 

9.9754 

6774 

1177 

—48 

6240 

—  1 

1 
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TABLE  I.     LOGio  SINK  X— {Continued) 


X 

log 

sinh  X 

Ax 

t 

^2 

Aa 

0.840 

9.9742 

0220 

0251 

6 

3301 

4291 

—48 

9080 

1424 

0.841 

9.9748 

3521 

4542 

6 

3252 

6635 

— 48 

7656 

1416 

0.842 

9.9754 

6774 

1177 

6 

3204 

0395 

—48 

6240 

1415 

0.843 

9.9760 

9978 

1572 

6 

3155 

5570 

—48 

4825 

1409 

0.844 

9.9767 

3133 

7142 

6 

3107 

2154 

—48 

3416 

1401 

0.845 

9.9773 

6240 

9296 

6 

3059 

0139 

—48 

2015 

1399 

0.846 

9.9779 

9299 

9435 

6 

3010 

9523 

—48 

0616 

1391 

0.847 

9.9786 

2310 

8958 

6 

2963 

0298 

47 

9225 

1389 

0.848 

9.9792 

5273 

9256 

6 

2915 

2462 

—47 

7836 

1382 

0.849 

9.9798 

8189 

1718 

6 

2867 

6008 

—47 

6454 

1378 

0.850 

9.9805 

1056 

7726 

6 

2820 

0932 

— 47 

5076 

1371 

0.851 

9.9811 

3876 

8658 

6 

2772 

7227 

—47 

3705 

1369 

0.852 

9.9817 

6649 

5885 

6 

2725 

4891 

—47 

2336 

1362 

0.853 

9.9823 

9375 

0776 

6 

2678 

3917 

—47 

0974 

1357 

0.854 

9.9830 

2053 

4693 

6 

2631 

4300 

—46 

9617 

1353 

0.855 

9.9836 

4684 

8993 

6 

2584 

6036 

— 46 

8264 

1347 

0.856 

9.9842 

7269 

5029 

6 

2537 

9119 

—46 

6917 

1343 

0.857 

9.9848 

9807 

4148 

6 

2491 

3545 

— 46 

5574 

1337 

0.858 

9.9855 

2298 

7693 

6 

2444 

9308 

—46 

4237 

1335 

0.859 

9.9861 

4743 

7001 

6 

2398 

6406 

— 46 

2902 

1327 

0.860 

9.9867 

7142 

3407 

6 

2352 

4831 

—46 

1575 

1325 

0.861 

9.9873 

9494 

8238 

6 

2306 

4581 

—46 

0250 

1318 

0.862 

9.9880 

1801 

2819 

6 

2260 

5649 

—45 

8932 

1313 

0.863 

9.9886 

4061 

846^ 

6 

2214 

8030 

—45 

7619 

1311 

0.864 

9.9892 

6276 

6498 

6 

2169 

1722 

—45 

6308 

1303 

0.865 

9.9898 

8445 

8220 

6 

2123 

6717 

—45 

5005 

1299 

0.866 

9.9905 

0569 

4937 

6 

2078 

3011 

—45 

3706 

1297 

0.867 

9.9911 

2647 

7948 

6 

2033 

0602 

—45 

2409 

1290 

0.868 

9.9917 

4680 

8550 

6 

1987 

9483 

45 

1119 

1286 

0.869 

9.9923 

6668 

8033 

6 

1942 

9650 

—44 

9833 

1282 

0.870 

9.9929 

8611 

7683 

6 

1898 

1099 

—44 

8551 

1276 

0.871 

9.9936 

0509 

8782 

6 

1853 

3824 

—44 

7275 

1272 

0.872 

9.9942 

2363 

2606 

6 

1808 

7821 

—44 

6003 

1268 

0.873 

9.9948 

4172 

0427 

6 

1764 

3086 

—44 

4735 

1264 

0.874 

9.9954 

5936 

3513 

6 

1719 

9615 

— 44 

3471 

1257 

0.875 

9.9960 

7656 

3128 

6 

1675 

7401 

—44 

2214 

1255 

0.876 

9.9966 

9332 

0529 

6 

1631 

6442 

—44 

0959 

1251 

0.877 

9.9973 

0963 

6971 

6 

1587 

6734 

—^3 

9708 

1245 

0.878 

9.9979 

2551 

3705 

6 

1543 

8271 

—43 

8463 

1239 

0.879 

9.9985 

4095 

1976 

6 

1500 

1047 

— 43 

7224 

1238 

0.880 

9.9991 

5595 

3023 

6 

1456 

5061 

—43 

5986 

1231 

0.881 

9.9997 

7051 

8084 

6 

1413 

0306 

—43 

4755 

1229 

0.882 

0.0003 

8464 

8390 

—43 

3526 
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TABLE  I.     LOGio  SINII  X— (Continued) 


X 

log 

sinh  X 

Ax 

A, 

A3 

0.880 

9.9991 

5595 

3023 

6 

1456 

5061 

—43 

5986 

1231 

0.881 

9.9997 

7051 

8084 

6 

1413 

0306 

—43 

4755 

1229 

0.882 

0.0003 

8464 

8390 

6 

1369 

6780 

—43 

3526 

1224 

0.883 

0.0009 

9834 

5170 

6 

1326 

4478 

43 

2302 

1218 

0.884 

0.0016 

1160 

9648 

6 

1283 

3394 

—43 

1084 

1216 

0.885 

0.0022 

2444 

3042 

6 

1240 

3526 

—42 

9868 

1210 

0.886 

0.0028 

3684 

6568 

6 

1197 

4868 

—42 

8658 

1207 

0.887 

0.0034 

4882 

1436 

6 

1154 

7417 

— 42 

7451 

1200 

0.888 

0.0040 

6036 

8853 

6 

1112 

1166 

— 42 

6251 

1200 

0.889 

0.0046 

7149 

0019 

6 

1069 

6115 

—42 

5051 

1193 

0.890 

0.0052 

8218 

6134 

6 

1027 

2257 

—42 

3858 

1190 

0.891 

0.0058 

9245 

8391 

6 

0984 

9589 

—42 

2668 

1184 

0.892 

0.0065 

0230 

7980 

6 

0942 

8105 

—42 

1484 

1182 

0.893 

0.0071 

1173 

6085 

6 

0900 

7803 

—42 

0302 

1179 

0.894 

0.0077 

2074 

3888 

6 

0858 

8680 

—41 

9123 

1172 

0.895 

0.0083 

2933 

2568 

6 

0817 

0729 

—41 

7951 

1167 

0.896 

0.0089 

3750 

3297 

6 

0775 

3945 

—41 

6784 

1165 

0.897 

0.0095 

4525 

7242 

6 

0733 

8326 

41 

5619 

1162 

0.898 

0.0101 

5259 

5568 

6 

0692 

3869 

—41 

4457 

1158 

0.899 

0.0107 

5951 

9437 

6 

0651 

0570 

—41 

3299 

1152 

0.900 

0.0113 

6603 

0007 

6 

0609 

8423 

—41 

2147 

1148 

0.901 

0.0119 

7212 

8430 

6 

0568 

7424 

—41 

0999 

1146 

0.902 

0.0125 

7781 

5854 

6 

0527 

7571 

— 40 

9853 

1139 

0.903 

0.0131 

8309 

3425 

6 

0486 

8857 

—40 

8714 

1138 

0.904 

0.0137 

8796 

2282 

6 

0446 

1281 

—40 

7576 

1132 

0.905 

0.0143 

9242 

3563 

6 

0405 

4837 

—40 

6444 

1130 

0.906 

0.0149 

9647 

8400 

6 

0364 

9523 

—40 

5314 

1126 

0.907 

0.0156 

0012 

7923 

6 

0324 

5335 

—40 

4188 

1120 

0.908 

0.0162 

0337 

3258 

6 

0284 

2267 

—40 

3068 

1118 

0.909 

0.0168 

0621 

5525 

6 

0244 

0317 

—^0 

1950 

1113 

0.910 

0.0174 

0865 

5842 

6 

0203 

9480 

—40 

0837 

1110 

0.911 

0.0180 

1069 

5322 

6 

0163 

9753 

—39 

9727 

1107 

0.912 

0.0186 

1233 

5075 

6 

0124 

1133 

—39 

8620 

1102 

0.913 

0.0192 

1357 

6208 

6 

0084 

3615 

—39 

7518 

1096 

0.914 

0.0198 

1441 

9823 

6 

0044 

7193 

—39 

6422 

1097 

0.915 

0.0204 

1486 

7016 

6 

0005 

1868 

—39 

5325 

1091 

0.916 

0.0210 

1491 

8884 

5 

9965 

7634 

—39 

4234 

1086 

0.917 

0.0216 

1457 

6518 

5 

9926 

4486 

—39 

3148 

1084 

0.918 

0.0222 

1384 

1004 

5 

9887 

2422 

—39 

2064 

1080 

0.919 

0.0228 

1271 

3426 

5 

9848 

1438 

—39 

0984 

1075 

0.920 

0.0234 

1119 

4864 

5 

9809 

1529 

-38 

9909 

1073 

0.921 

0.0240 

0928 

6393 

5 

9770 

2693 

—38 

8836 

1070 

0.922 

0.0246 

0698 

9086 

—38 

7766 
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TABLE  : 

[.   LOG 

10  SINH  X—{Con 

itinued) 

X 

log 

sinh  X 

Ai 

A2 

A3 

0.920 

0.0234 

1119 

4864 

5  9809 

1529 

-38 

9909 

1073 

0.921 

0.0240 

0928 

6393 

5  9770 

2693 

—38 

8836 

1070 

0.922 

0.0246 

0698 

9086 

5  9731 

4927 

—38 

7766 

1064 

0.923 

0.0252 

0430 

4013 

5  9692 

8225 

—38 

6702 

1062 

0.924 

0.0258 

0123 

2238 

5  9654 

2585 

—38 

5640 

1058 

0.925 

0.0263 

9777 

4823 

5  9615 

8003 

—38 

4582 

1055 

0.926 

0.0269 

9393 

2826 

5  9577 

4476 

—38 

3527 

1050 

0.927 

0.0275 

8970 

7302 

5  9539 

1999 

—38 

2477 

1046 

0.928 

0.0281 

8509 

9301 

5  9501 

0568 

—38 

1431 

1046 

0.929 

0.0287 

8010 

9869 

5  9463 

0183 

—38 

0385 

1040 

0.930 

0.0293 

141^ 

0052 

5  9425 

0838 

—37 

9345 

1036 

0.931 

0.0299 

6899 

0890 

5  9387 

2529 

—37 

8309 

1033 

0.932 

0.0305 

6286 

3419 

5  9349 

5253 

—37 

7276 

1029 

0.933 

0.0311 

5635 

8672 

5  9311 

9006 

—37 

6247 

1028 

0.934 

0.0317 

4947 

7678 

5  9274 

3787 

—37 

5219 

1022 

0.935 

0.0323 

4222 

1465 

5  9236 

9590 

—37 

4197 

1020 

0.936 

0.0329 

3459 

1055 

5  9199 

6413 

—37 

3177 

1015 

0.937 

0.0335 

2658 

7468 

5  9162 

4251 

—37 

2162 

1013 

0.938 

0.0341 

1821 

1719 

5  9125 

3102 

—37 

1149 

1009 

0.939 

0.0347 

0946 

4821 

5  9088 

2962 

—37 

0140 

1006 

0.940 

0.0353 

0034 

7783 

5  9051 

3828 

—36 

9134 

1002 

0.941 

0.0358 

9086 

1611 

5  9014 

5696 

—36 

8132 

1001 

0.942 

0.0364 

8100 

7307 

5  8977 

8565 

—36 

7131 

994 

0.943 

0.0370 

7078 

587^ 

5  8941  . 

2428 

—36 

6137 

993 

0.944 

0.0376 

6019 

8300 

5  8904 

7284 

—36 

5144 

989 

0.945 

0.0382 

4924 

5584 

5  8868 

3129 

—36 

4155 

986 

0.946 

0.0388 

3792 

8713 

5  8831 

9960 

—36 

3169 

983 

0.947 

0.0394 

2624 

8673 

5  8795 

7774 

—36 

2186 

979 

0.948 

0.0400 

1420 

6447 

5  8759 

6567 

—36 

1207 

975 

0.949 

0.0406 

0180 

3014 

5  8723 

6335 

—36 

0232 

974 

0.950 

0.0411 

8903 

9349 

5  8687 

7077 

—35 

9258 

970 

0.951 

0.0417 

7591 

6426 

5  8651 

8789 

—35 

8288 

966 

0.952 

0.0423 

6243 

5215 

5  8616 

1467 

—35 

7322 

964 

0.953 

0.0429 

4859 

6682 

5  8580 

5109 

—35 

6358 

958 

0.954 

0.0435 

3440 

1791 

5  8544 

9709 

—35 

5400 

958 

0.955 

0.0441 

1985 

1500 

5  8509 

5267 

—35 

4442 

955 

0.956 

0.0447 

0494 

6767 

5  8474 

1780 

—35 

3487 

950 

0.957 

0.0452 

8968 

8547 

5  8438 

9243 

—35 

2537 

948 

0.958 

0.0458 

7407 

7790 

5  8403 

7654 

—35 

1589 

942 

0.959 

0.0464 

5811 

5444 

5  8368 

7007 

—35 

0647 

942 

0.960 

0.0470 

4180 

2451 

5  8333 

7302 

—34 

9705 

939 

0.961 

0.0476 

2513 

9753 

5  8298 

8536 

—34 

8766 

935 

0.962 

0.0482 

0812 

8289 

—34 

7831 
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TABLE 

I.   LO 

Gio 

SINII 

X—(Coii 

it  1)1  lied) 

X 

loi 

g;  sinli , 

X 

Ai 

^2 

A3 

0.960 

0.0470 

4180 

2451 

5 

8333 

7302 

—34 

9705 

939 

0.961 

0.0476 

2513 

9753 

5 

8298 

8536 

—34 

8766 

935 

0.962 

0.0482 

0812 

8289 

5 

8264 

0705 

—34 

7831 

932 

0.963 

0.0487 

9076 

8994 

5 

8229 

3806 

—34 

6899 

930 

0.964 

0.0493 

7306 

2800 

5 

8194 

7837 

—34 

5969 

924 

0.965 

0.0499 

5501 

0637 

5 

8160 

2792 

—34 

5045 

923 

0.966 

0.0505 

3661 

3429 

5 

8125 

8670 

—34 

4122 

921 

0.967 

0.0511 

1787 

2099 

5 

8091 

5469 

—34 

3201 

917 

0.96S 

0.0516 

9878 

7568 

5 

8057 

3185 

—34 

2284 

914 

0.969 

0.0522 

7936 

0753 

5 

8023 

1815 

—34 

1370 

910 

0.970 

0.0528 

5959 

2568 

5 

7989 

1355 

—34 

0460 

909 

0.971 

0.0534 

3948 

3923 

5 

7955 

1804 

—33 

9551 

905 

0.972 

0.0540 

1903 

5727 

5 

7921 

3158 

—33 

8646 

901 

0.973 

0.0545 

9824 

8885 

5 

7887 

5413 

—33 

7745 

900 

0.974 

0.0551 

7712 

4298 

5 

7853 

8568 

—33 

6845 

896 

0.975 

0.0557 

5566 

2866 

5 

7820 

2619 

—33 

5949 

893 

0.976 

0.0563 

3386 

5485 

5 

7786 

7563 

—33 

5056 

890 

0.977 

0.0569 

1173 

3048 

5 

7753 

3397 

—33 

4166 

889 

0.978 

0.0574 

8926 

6445 

5 

7720 

0120 

—33 

3277 

885 

0.979 

0.0580 

6646 

6565 

5 

7686 

7728 

—33 

2392 

881 

0.980 

0.0586 

4333 

4293 

5 

7653 

6217 

—33 

1511 

879 

0.981 

0.0592 

1987 

0510 

5 

7620 

5585 

—33 

0632 

876 

0.982 

0.0597 

9607 

6095 

5 

7587 

5829 

—32 

9756 

873 

0.983 

0.0603 

7195 

1924 

5 

7554 

6946 

—32 

8883 

871 

0.984 

0.0609 

4749 

8870 

5 

7521 

8934 

—32 

8012 

868 

0.985 

0.0615 

2271 

7804 

5 

7489 

1790 

—32 

7144 

864 

0.986 

0.0620 

9760 

9594 

5 

7456 

5510 

—32 

6280 

864 

0.987 

0.0626 

7217 

5104 

5 

7424 

0094 

—32 

5416 

859 

0.988 

0.0632 

4641 

5198 

5 

7391 

5537 

—32 

4557 

856 

0.989 

0.0638 

2033 

0735 

5 

7359 

1836 

—32 

3701 

853 

0.990 

0.0643 

9392 

2571 

5 

7326 

8988 

—32 

2848 

852 

0.991 

0.0649 

6719 

1559 

5 

7294 

6992 

—32 

1996 

849 

0.992 

0.0655 

4013 

8551 

5 

7262 

5845 

—32 

1147 

846 

0.993 

0.0661 

1276 

4396 

5 

7230 

5544 

—32 

0301 

842 

0.994 

0.0666 

8506 

9940 

5 

7198 

6085 

—31 

9459 

841 

0.995 

0.0672 

5705 

6025 

5 

7166 

7467 

—31 

8618 

837 

0.996 

0.0678 

2872 

3492 

5 

7134 

9686 

—31 

7781 

836 

0.997 

0.0684 

0007 

3178 

5 

7103 

2741 

—31 

6945 

832 

0.998 

0.0689 

7110 

5919 

5 

7071 

6628 

—31 

6113 

829 

0.999 

0.0695 

4182 

2547 

5 

7040 

1344 

—31 

5284 

829 

1.000 

0.0701 

1222 

3891 

5 

7008 

6889 

—31 

4455 

823 

1.001 

0.0706 

8231 

0780 

5 

6977 

3257 

—31 

3632 

822 

1.002 

0.0712 

5208 

4037 

—31 

2810 
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TABLE  I.     LOGio  SINK  X—{Conii7iued) 


X 

1.000 

1.001 

1.002 

1.003 

1.004 

1.005 

1.006 

1.007 

1.008 

1.009 

1.010 

1.011 

1.012 

1013 

1.014 

1.015 

1.016 

1.017 

I.OIS 

1.019 

1.020 

1.021 

1.022 

1.023 

1.024 

1.025 

1.026 

1.027 

1.02S 

1.029 

1.030 

1.031 

1.032 

1.033 

1.034 

1.035 

1.036 

1.037 

1.03S 

1.039 

1.040 

1.041 

1.042 


log  sinh  X 
0.0701  1222  3891 
0.0706  8231  0780 
0.0712  5208  4037 
0.0718  2154  4484 
0.0723  9069  2941 
0.0729  5953  0223 
0.0735  2805  7145 
0.0740  9627  4520 
0.0746  6418  3155 
0.0752  3178  3857 
0.0757  9907  7430 
0.0763  6606  4675 
0.0769  3274  6391 
0.0774  9912  3374 
0.0780  6519  6417 
0.0786  3096  6313 
0.0791  9643  3851 
0.0797  6159  9816 
0.0803  2646  4992 
0.0808  9103  0161 
0.0814  5529  6102 
0.0820  1926  3592 
0.0825  8293  3404 
0.0831  4630  6310* 
0.0837  0938  3080 
0.0842  7216  4480 
0.0848  3465  1274 
0.0853  9684  4226 
0.0859  5874  4094 
0.0865  2035  1637 
0.0870  8166  7609 
0.0876  4269  2764 
0.0882  0342  7850 
0.0887  6387  3616 
0.0893  2403  0809 
0.0898  8390  0172 
0.0904  4348  2446 
0.0910  0277  8369 
0.0915  6178  8679 
0.0921  2051  4110 
0.0926  7895  5393 
0.0932  3711  3259 
0.0937  9498  8434 


Ai 


5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


7008 

6977 

6946 

6914 

6883 

6852 

6821 

6790 

6760 

6729 

6698 

6668 

6637 

6607 

6576 

6546 

6516 

6486 

6456 

6426 

6396 

6366 

6337 

6307 

6278 

6248 

6219 

6189 

6160 

6131 

6102 

6073 

6044 

6015 

5986 

5958 

5929 

5901 

5872 

5844 

5815 

5787 


6889 

3257 

0447 

8457 

7282 

6922 

7375 

8635 

0702 

3573 

7245 

1716 

6983 

3043 

9896 

7538 

5965 

5176 

5169 

5941 

7490 

9812 

2906 

6770 

1400 

6794 

2952 

9868 

7543 

5972 

5155 

5086 

5766 

7193 

9363 

2274 

5923 

0310 

5431 

1283 

7866 

5175 


— 31  4455 
—31  3632 
—31  2810 
— 31  1990 
—31  1175 
—31  0360 
—30  9547 
— 30  8740 
—30  7933 
— 30  7129 
—30  6328 
—30  5529 
—30  4733 
— 30  3940 
— 30  3147 
— 30  2358 
—30  1573 
—30  0789 
—30  0007 
— 29  9228 
—29  8451 
—29  7678 
—29  6906 
—29  6136 
— 29  5370 
—29  4606 
—29  3842 
—29  3084 
— 29  2325 
—29  1571 
—29  0817 
— 29  0069 
— 28  9320 
—28  8573 
—28  7830 
—28  7089 
—28  6351 
—28  5613 
— 28  4879 
— 28  4148 
— 28  3417 
— 28  2691 
—28  1965 


823 

822 

820 

815 

815 

813 

807 

807 

804 

801 

799 

796 

793 

793 

789 

785 

784 

782 

779 

777 

773 

772 

770 

766 

764 

764 

758 

759 

754 

754 

748 

749 

747 

743 

741 

738 

738 

734 

731 

731 

726 

726 
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TABLE  I.     LOG  10  SINIT  X— (Continued) 


X 

log  sinh  X 

Ai 

^■1 

A.-. 

1.040 

0.0926 

7895 

5393 

5 

5815 

7866 

—28 

3417 

726 

1.041 

0.0932 

3711 

3259 

5 

5787 

5175 

-28 

2691 

726 

1.042 

0.0937 

9498 

8434 

5 

5759 

3210 

—28 

1965 

724 

1.043 

0.0943 

5258 

1644 

5 

5731 

1969 

—28 

1241 

720 

1.044 

0.0949 

0989 

3613 

5 

5703 

1448 

—28 

0521 

720 

1.045 

0.0954 

6692 

5061 

5 

5675 

1647 

—27 

9801 

716 

1.046 

0.0960 

2367 

6708 

5 

5647 

2562 

—27 

9085 

713 

1.047 

0.0965 

8014 

9270 

5 

5619 

4190 

— 27 

8372 

713 

1.048 

0.0971 

3634 

3460 

5 

5591 

6531 

—27 

7659 

710 

1.049 

0.0976 

9225 

9991 

5 

5563 

9582 

—27 

6949 

707 

1.050 

0.0982 

4789 

9573 

5 

5536 

3340 

—27 

6242 

706 

1.051 

0.0988 

0326 

2913 

5 

5508 

7804 

—27 

5536 

704 

1.052 

0.0993 

5835 

0717 

5 

5481 

2972 

— 27 

4832 

702 

1.053 

0.0999 

1316 

3689 

5 

5453 

8842 

—27 

4130 

697 

1.054 

0.1004 

6770 

2531 

5 

5426 

5409 

—27 

3433 

699 

1.055 

0.1010 

2196 

7940 

5 

5399 

2675 

—27 

2734 

694 

1.056 

0.1015 

7596 

0615 

5 

5372 

0635 

—27 

2040 

693 

1.057 

0.1021 

2968 

1250 

5 

5344 

9288 

—27 

1347 

690 

1.058 

0.1026 

8313 

0538 

5 

5317 

8631 

—27 

0657 

689 

1.059 

0.1032 

3630 

9169 

5 

5290 

8663 

—26 

9968 

686 

1.060 

0.1037 

8921 

7832 

5 

5263 

9381 

—26 

9282 

686 

1.061 

0.1043 

4185 

7213 

5 

5237 

0785 

—26 

8596 

681 

1.062 

0.1048 

9422 

7998 

5 

5210 

2870 

—26 

7915 

682 

1.063 

0.1054 

4633 

0868 

5 

5183 

5637 

—26 

7233 

677 

1.064 

0.1059 

9816 

6505 

5 

5156 

9081 

—26 

6556 

677 

1.065 

0.1065 

4973 

5586 

5 

5130 

3202 

—26 

5879 

672 

1.066 

0.1071 

0103 

8788 

5 

5103 

7995 

—26 

5207 

674 

1.067 

0.1076 

5207 

6783 

5 

5077 

3462 

—26 

4533 

670 

1.068 

0.1082 

0285 

0245 

5 

5050 

9599 

—26 

3863 

668 

1.069 

0.1087 

5335 

9844 

5 

5024 

6404 

—26 

3195 

666 

1.070 

0.1093 

0360 

6248 

5 

4998 

3875 

—26 

2529 

663 

1.071 

0.1098 

5359 

0123 

5 

4972 

2009 

—26 

1866 

663 

1.072 

0.1104 

0331 

2132 

5 

4946 

0806 

—26 

1203 

661 

1.073 

0.1109 

5277 

2938 

5 

4920 

0264 

—26 

0542 

657 

1.074 

0.1115 

0197 

3202 

5 

4894 

0379 

—25 

9885 

657 

1.075 

0.1120 

5091 

3581 

5 

4868 

1151 

—25 

9228 

653 

1.076 

0.1125 

9959 

4732 

5 

4842 

2576 

—25 

8575 

653 

1.077 

0.1131 

4801 

7308 

5 

4816 

4654 

—25 

7922 

651 

1.078 

0.1136 

9618 

1962 

5 

4790 

7383 

—25 

7271 

648 

1.079 

0.1142 

4408 

9345 

5 

4765 

0760 

—25 

6623 

644 

1.080 

0.1147 

9174 

0105 

5 

4739 

4781 

—25 

5979 

647 

1.081 

0.1153 

3913 

4886 

5 

4713 

9449 

—25 

5332 

642 

1.082 

0.1158 

8627 

4335 

—25 

4690 
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TABLE 

I.   LOG 

10  SINK 

X—iCor, 

itinued] 

1 

X 

log  sinh  X 

A. 

^2 

Ao 

1.080 

0.1147 

9174 

0105 

5 

4739 

4781 

—25 

5979 

647 

1.081 

0.1153 

3913 

4886 

5 

4713 

9449 

—25 

5332 

642 

1.082 

0.1158 

8627 

4335 

5 

4688 

4759 

—25 

4690 

642 

1.083 

0.1164 

3315 

9094 

5 

4663 

0711 

—25 

4048 

637 

1.084 

0.1169 

7978 

9805 

5 

4637 

7300 

—25 

3411 

636 

1.085 

0.1175 

2616 

7105 

5 

4612 

4525 

—25 

2775 

636 

1.086 

0.1180 

7229 

1630 

5 

4587 

2386 

— 25 

2139 

633 

1.087 

0.1186 

1816 

4016 

5 

4562 

0880 

—25 

1506 

632 

1.088 

0.1191 

6378 

4896 

5 

4537 

0006 

—25 

0874 

628 

1.089 

0.1197 

0915 

4902 

5 

4511 

9760 

—25 

0246 

628 

1.090 

0.1202 

5427 

4662 

5 

4487 

0142 

—24 

9618 

625 

1.091 

0.1207 

9914 

4804 

5 

4462 

1149 

—24 

8993 

625 

1.092 

0.1213 

4376 

5953 

5 

4437 

2781 

—24 

8368 

621 

1.093 

0.1218 

8813 

8734 

5 

4412 

5034 

—24 

7747 

619 

1.094 

0.1224 

3226 

3768 

5 

4387 

7906 

—24 

7128 

620 

1.095 

0.1229 

7614 

1674 

5 

4363 

1398 

—24 

6508 

616 

1.096 

0.1235 

1977 

3072 

5 

4338 

5506 

— 24 

5892 

614 

1.097 

0.1240 

6315 

8578 

5 

4314 

0228 

—24 

5278 

613 

1.098 

0.1246 

0629 

8806 

5 

4289 

5563 

—24 

4665 

610 

1.099 

0.1251 

4919 

4369 

5 

4265 

1508 

—24 

4055 

611 

1.100 

0.1256 

9184 

5877 

5 

4240 

8064 

—24 

3444 

606 

1.101 

0.1262 

3425 

3941 

5 

4216 

5226 

—24 

2838 

606 

1.102 

0.1267 

7641 

9167 

5 

4192 

2994 

—24 

2232 

603 

1.103 

C.1273 

1834 

2161  > 

5 

4168 

1365 

—24 

1629 

603 

1.104 

0.1278 

6002 

3526 

5 

4144 

0339 

—24 

1026 

600 

1.105 

0.1284 

0146 

3865 

5 

4119 

9913 

—24 

0426 

598 

1.106 

0.1289 

4266 

3778 

5 

4096 

0085 

—23 

9828 

597 

1.107 

0.1294 

8362 

3863 

5 

4072 

0854 

—23 

9231 

595 

1.108 

0.1300 

2434 

4717 

5 

4048 

2218 

—23 

8636 

593 

1.109 

0.1305 

6482 

6935 

5 

4024 

4175 

—23 

8043 

593 

1.110 

0.1311 

0507 

1110 

5 

4000 

6725 

—23 

7450 

589 

1.111 

0.1316 

4507 

7835 

5 

3976 

9864 

—23 

6861 

587 

1.112 

0.1321 

8484 

7699 

5 

3953 

3590 

—23 

6274 

586 

1.113 

0.1327 

2438 

1289 

5 

3929 

7902 

—23 

5688 

587 

1.114 

0.1332 

6367 

9191 

5 

3906 

2801 

—23 

5101 

581 

1.115 

0.1338 

0274 

1992 

5 

3882 

8281 

—23 

4520 

580 

1.116 

0.1343 

4157 

0273 

5 

3859 

4341 

—23 

3940 

582 

1.117 

0.1348 

8016 

4614 

5 

3836 

0983 

—23 

3358 

577 

1.118 

0.1354 

1852 

5597 

5 

3812 

8202 

—23 

2781 

577 

1.119 

0.1359 

5665 

3799 

5 

3789 

5998 

—23 

2204 

573 

1.120 

0.1364 

9454 

9797 

5 

3766 

4367 

—23 

1631 

574 

1.121 

0.1370 

3221 

4164 

5 

3743 

3310 

—23 

1057 

571 

1.122 

0.1375 

6964 

7474 

—23 

0486 
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TABLE  I.     LOG 

X  lo*>'  sinh  X 

1.120  0.1364  9454  9797 

1.121  0.1370  3221  4164 

1.122  0.1375  6964  7474 

1.123  0.1381  0685  0298 

1.124  0.1386  4382  3204 

1.125  0.1391  8056  6760 

1.126  0.1397  1708  1534 

1.127  0.1402  5336  8090 

1.128  0.1407  8942  6991 

1.129  0.1413  2525  8798 

1.130  0.1418  6086  4070 

1.131  0.1423  9624  3366 

1.132  0.1429  3139  7243 

1.133  0.1434  6632  6254 

1.134  0.1440  0103  0954 

1.135  0.1445  3551  1893 

1.136  0.1450  6976  9622 

1.137  0.1456  0380  4690 

1.138  0.1461  3761  7643 

1.139  0.1466  7120  9027 

1.140  0.1472  0457  9386 

1.141  0.1477  3772  9262 

1.142  0.1482  7065  9196 

1.143  0.1488  0336  9726 

1.144  0.1493  3586  1391 

1.145  0.1498  6813  4726 

1.146  0.1504  0019  0266 

1.147  0.1509  3202  8544 

1.148  0.1514  6365  0091 

1.149  0.1519  9505  5437 

1.150  0.1525  2624  5110 

1.151  0.1530  5721  9638 

1.152  0.1535  8797  9546 

1.153  0.1541  1852  5358 

1.154  0.1546  4885  7597 

1.155  0.1551  7897  6783 

1.156  0.1557  0888  3436 

1.157  0.1562  3857  8073 

1.158  0.1567  6806  1212 

1.159  0.1572  9733  3367 

1.160  0.1578  2639  5053 

1.161  0.1583  5524  6781 

1.162  0.1588  8388  9062 


LO 

SINH 

X—{Con 

tiniu'd 

) 

\ 

—23 

A2 
1631 

A3 

5 

3766 

4367 

—23 

1057 

574 

5 

3743 

3310 

—23 

0486 

571 

5 

3720 

2824 

—22 

9918 

568 

5 

3697 

2906 

—22 

9350 

568 

5 

3674 

3556 

—22 

8782 

568 

5 

3651 

4774 

—22 

8218 

564 

5 

3628 

6556 

—22 

7655 

563 

5 

3605 

8901 

—22 

7094 

561 

5 

3583 

1807 

—22 

6535 

559 

5 

3560 

5272 

—22 

5976 

559 

5 

3537 

9296 

—22 

5419 

557 

5 

3515 

3877 

—22 

4866 

553 

5 

3492 

9011 

—22 

4311 

555 

5 

3470 

4700 

—22 

3761 

550 

5 

3448 

0939 

—22 

3210 

551 

5 

3425 

7729 

—22 

2661 

549 

5 

3403 

5068 

—22 

2115 

546 

5 

3381 

2953 

—22 

1569 

546 

5 

3359 

1384 

—22 

1025 

544 

5 

3337 

0359 

—22 

0483 

542 

5 

3314 

9876 

—21 

9942 

541 

5 

3292 

9934 

—21 

9404 

538 

5 

3271 

0530 

—21 

8865 

539 

5 

3249 

1665 

—21 

8330 

535 

5 

3227 

3335 

— 21 

7795 

535 

5 

3205 

5540 

— 21 

7262 

533 

5 

3183 

8278 

—21 

6731 

531 

5 

3162 

1547 

—21 

6201 

530 

5 

3140 

5346 

—21 

5673 

528 

5 

3118 

9673 

—21 

5145 

528 

5 

3097 

4528 

—21 

4620 

525 

5 

3075 

9908 

— 21 

4096 

524 

5 

3054 

5812 

— 21 

3573 

523 

5 

3033 

2239 

—21 

3053 

520 

5 

3011 

9186 

—21 

2533 

520 

5 

2990 

6653 

—21 

2016 

517 

5 

2969 

4637 

—21 

1498 

518 

5 

2948 

3139 

—21 

0984 

514 

5 

2927 

2155 

—21 

0469 

515 

5 

2906 

1686 

—20 

9958 

511 

5 

2885 

1728 

—20 

9447 

511 

5 

2864 

2281 

—20 

8938 

509 

324 


X 

1.160 

1.161 

1.162 

1.163 

1.164 

1.165 

1.166 

1.167 

1.168 

1.169 

1.170 

1.171 

1.172 

1.173 

1.174 

1.175 

1.176 

1.177 

1.178 

1.179 

1.180 

1.181 

1.182 

1.183 

1.184 

1.185 

1.186 

1.187 

1.188 

1.189 

1.190 

1.191 

1.192 

1.193 

1.194 

1.195 

1.196 

1.197 

1.198 

1.199 

1.200 

1.201 

1.202 
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TABLE  I.     LOGio  SINK 


A, 


log  sinh  X 
0.1578  2639  5053 
0.1583  5524  6781 
0.1588  8388  9062 
0.1594  1232  2405 
0.1599  4054  7319 
0.1604  6856  4309 
0.1609  9637  3881 
0.1615  2397  6537 
0.1620  5137  2781 
0.1625  7856  3113 
0.1631  0554  8033 
0.1636  3232  8037 
0.1641  5890  3623 
0.1646  8527  5285 
0.1652  1144  3518 
0.1657  3740  8813 
0.1662  6317  1663 
0.1667  8873  2557 
0.1673  1409  1982 
0.1678  3925  0425 
0.1683  6420  8372 
0.1688  8896  6307 
0.1694  1352  4713 
0.1699  3788  4070 
0.1704  6204  4860 
0.1709  8600  7561 
0.1715  0977  2650 
0.1720  3334  0603 
0.1725  5671  1895 
0.1730  7988  7000 
0.1736  0286  6390 
0.1741  2565  0535 
0.1746  4823  9905 
0.1751  7063  4968 
0.1756  9283  6191 
0.1762  1484  4039 
0.1767  3665  8978 
0.1772  5828  1470 
0.1777  7971  1978 
0.1783  0095  0961 
0.1788  2199  8878 
0.1793  4285  6187 
0.1798  6352  3344 


5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


2885 

2864 

2843 

2822 

2801 

2780 

2760 

2739 

2719 

2698 

2678 

2657 

2637 

2616 

2596 

2576 

2556 

2535 

2515 

2495 

2475 

2455 

2435 

2416 

2396 

2376 

2356 

2337 

2317 

2297 

2278 

2258 

2239 

2220 

2200 

2181 

2162 

2143 

2123 

2104 

2085 

2066 


X — (Continued) 

A. 
— 20  9958 

— 20  9447 

—20  8938 

— 20  8429 

— 20  7924 

— 20  7418 

— 20  6916 

—20  6412 

—20  5912 

— 20  5412 

— 20  4916 

— 20  4418 

—20  3924 

— 20  3429 

— 20  2938 

— 20  2445 

—20  1956 

—20  1469 

—20  0982 

—20  0496 

—20  0012 

— 19  9529 

—19  9049 

—19  8567 

—19  8089 

— 19  7612 

—19  7136 

—19  6661 

—19  6187 

19  5715 

— 19  5245 

— 19  4775 

—19  4307 

—19  3840 

—19  3375 

— 19  2909 

—19  2447 

—19  1984 

—19  1525 

—19  1066 

—19  0608 

— 19  0152 

—IS  9695 


1728 

2281 

3343 

4914 

6990 

9572 

2656 

6244 

0332 

4920 

0004 

5586 

1662 

8233 

5295 

2850 

0894 

9425 

8443 

7947 

7935 

8406 

9357 

0790 

2701 

5089 

7953 

1292 

5105 

9390 

4145 

9370 

5063 

1223 

7848 

4939 

2492 

0508 

8983 

7917 

7309 

7157 


511 

509 

509 

505 

506 

502 

504 

500 

500 

496 

498 

494 

495 

491 

493 

489 

487 

487 

486 

484 

483 

480 

482 

478 

477 

476 

475 

474 

472 

470 

470 

468 

467 

465 

466 

462 

463 

459 

459 

458 

456 

457 
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TABLE  I.     LOGio  SINH  X— (Continued) 


X 
1.200 
1.201 
1.202 
1.203 
1.204 
1.205 
1.206 
1.207 
1.208 
1.209 
1.210 
1.211 
1.212 
1.213 
1.214 
1.215 
1.216 
1.217 
1.218 
1.219 
1.220 
1.221 
1.222 
1.223 
1.224 
1.225 
1.226 
1.227 
1.228 
1.229 
1.230 
1.231 
1.232 
1.233 
1.234 
1.235 
1.236 
1.237 
1.238 
1.239 
1.240 
1.241 
1.242 


10 

g  Sinn 

X 

A. 

1 

A3 

A. 

0.17SS 

2199 

8878 

5 

2085 

7309 

—19 

0608 

456 

0.1793 

4285 

6187 

5 

2066 

7157 

—19 

0152 

457 

0.1798 

6352 

3344 

5 

2047 

7462 

—18 

9695 

454 

0.1803 

8400 

0806 

5 

2028 

8221 

—18 

9241 

452 

0.1809 

0428 

9027 

5 

2009 

9432 

—IS 

8789 

451 

0.1814 

2438 

8459 

5 

1991 

1094 

—18 

8338 

452 

0.1819 

4429 

9553 

5 

1972 

3208 

—18 

7886 

448 

0.1824 

6402 

2761 

5 

1953 

5770 

—18 

7438 

449 

0.1829 

8355 

8531 

5 

1934 

8781 

—18 

6989 

446 

0.1835 

0290 

7312 

5 

1916 

2238 

-18 

6543 

446 

0.1840 

2206 

9550 

5 

1897 

6141 

—IS 

6097 

443 

0.1845 

4104 

5691 

5 

1879 

0487 

—IS 

5654 

444 

0.1850 

5983 

6178 

5 

1860 

5277 

—18 

5210 

442 

0.1855 

7844 

1455 

5 

1842 

0509 

—18 

4768 

439 

0.1860 

9686 

1964 

5 

1823 

6180 

—18 

4329 

441 

0.1866 

1509 

8144 

5 

1805 

2292 

—18 

3888 

438 

0.1871 

3315 

0436 

5 

1786 

8842 

—18 

3450 

437 

0.1876 

5101 

9278 

5 

1768 

5829 

—18 

3013 

435 

0.1881 

6870 

5107 

5 

1750 

3251 

—18 

2578 

436 

0.1886 

8620 

8358 

5 

1732 

1109 

—18 

2142 

432 

0.1892 

0352 

9467 

5 

1713 

9399 

-18 

1710 

433 

0.1897 

2066 

.8866 

5 

1695 

8122 

—18 

1277 

431 

0.1902 

3762 

6988 

5 

1677 

7276 

—18 

0846 

429 

0.1907 

5440 

4264 

5 

1659 

6859 

-18 

0417 

430 

0.1912 

7100 

1123 

5 

1641 

6872 

—17 

9987 

427 

0.1917 

8741 

7995 

5 

1623 

7312 

—17 

9560 

426 

0.1923 

0365 

5307 

5 

1605 

8178 

—17 

9134 

426 

0.1928 

1971 

3485 

5 

1587 

9470 

—17 

8708 

423 

0.1933 

3559 

2955 

5 

1570 

1185 

—17 

8285 

424 

0.1938 

5129 

4140 

5 

1552 

3324 

—17 

7861 

421 

0.1943 

6681 

7464 

5 

1534 

5884 

—17 

7440 

421 

0.1948 

8216 

3348 

5 

1516 

8865 

—17 

7019 

419 

0.1953 

9733 

2213 

5 

1499 

2265 

—17 

6600 

419 

0.1959 

1232 

4478 

5 

1481 

6084 

—17 

6181 

417 

0.1964 

2714 

0562 

5 

1464 

0320 

—17 

5764 

416 

0.1969 

4178 

0882 

5 

1446 

4972 

—17 

5348 

415 

0.1974 

5624 

5854 

5 

1429 

0039 

—17 

4933 

413 

0.1979 

7053 

5893 

5 

1411 

5519 

— 17 

4520 

413 

0.1984 

8465 

1412 

5 

1394 

1412 

—17 

4107 

412 

0.1989 

9859 

2824 

5 

1376 

7717 

—17 

3695 

411 

0.1995 

1236 

0541 

5 

1359 

4433 

—17 

3284 

410 

0.2000 

2595 

4974 

5 

1342 

1559 

—17 

2874 

406 

0.2005 

3937 

6533 

—17 

2468 

326 
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TABLE  I.     LOGio  SINH  X— {Continued) 


X 

log  sinh  X 

Ai 

A^ 

A3 

1.240 

0.1995  1236  0541 

5  1359  4433 

—17   3284 

410 

1.241 

0.2000  2595  4974 

5  1342  1559 

—17   2874 

406 

1.242 

0.2005  3937  6533 

5  1324  9091 

—17   2468 

409 

1.243 

0.2010  5262  5624 

5  1307  7032 

— 17   2059 

405 

1.244 

0.2015  6570  2656 

5  1290  5378 

—17   1654 

405 

1.245 

0.2020  7860  8034 

5  1273  4129 

—17   1249 

404 

1.246 

0.2025  9134  2163 

5  1256  3284 

—17   0845 

403 

1.247 

0.2031  0390  5447 

5  1239  2842 

— 17   0442 

402 

1.248 

0.2036  1629  8289 

5  1222  2802 

—17   0040 

400 

1.249 

0.2041  2852  1091 

5  1205  3162 

—16  9640 

400 

1.250 

0.2046  4057   4253 

5  1188  3922 

—16  9240 

398 

1.251 

0.2051  5245  8175 

5  1171  5080 

—16  8842 

398 

1.252 

0.2056  6417  3255 

5  1154  6636 

—16  8444 

396 

1.253 

0.2061  7571  9891 

5  1137  8588 

—16  8048 

395 

1.254 

0.2066  8709  8479 

5  1121  0935 

—16  7653 

395 

1.255 

0.2071  9830  9414 

5  1104  3677 

—16  7258 

393 

1.256 

0.2077  0935  3091 

5  1087  6812 

—16  6865 

392 

1.257 

0.2082  2022  9903 

5  1071  0339 

—16  6473 

391 

1.25S 

0.2087   3094  0242 

5  1054  4257 

—16  6082 

390 

1.259 

0.2092  4148  4499 

5  1037  8565 

—16  5692 

389 

1.260 

0.2097   5186  3064 

5  1021  3262 

—16  5303 

387 

1.261 

0.2102  6207   6326 

5  1004  8346 

—16  4916 

388 

1.262 

0.2107  7212  4672 

5  0988  3818 

—16  4528 

386 

1.263 

0.2112  8200  8490 

5  0971  9676 

—16  4142 

385 

1.264 

0.2117  9172  8166 

5  0955  5919 

—16  3757 

383 

1.265 

0.2123  0128  4085 

5  0939  2545 

—16  3374 

383 

1.266 

0.2128  1067   6630 

5  0922  9554 

—16  2991 

382 

1.267 

0.2133   1990  6184 

5  0906  6945 

—16  2609 

380 

1.268 

0.2138  2897   3129 

5  0890  4716 

—16  2229 

381 

1.269 

0.2143  3787  7845 

5  0874  2868 

—16  1848 

378 

1.270 

0.2148  4662  0713 

5  0858  1398 

—16  1470 

379 

1.271 

0.2153  5520  2111 

5   0842  0307 

—16  1091 

376 

1.272 

0.2158  6362  2418 

5  0825  9592 

—16  0715 

375 

1.273 

0.2163  7188  2010 

5  0809  9252 

—16  0340 

375 

1.274 

0.2168  7998  1262 

5  0793  9287 

—15  9965 

374 

1.275 

0.2173  8792  0549 

5  0777   9696 

—15  9591 

373 

1.276 

0.2178  9570  0245 

5  0762  0478 

—15  9218 

371 

1.277 

0.2184  0332  0723 

5  0746  1631 

—15  8847 

371 

1.278 

0.2189  1078  2354 

5  0730  3155 

—15  8476 

370 

1.279 

0.2194  1808  5509 

5  0714  5049 

—15  8106 

369 

1.280 

0.2199  2523  0558 

5  0698  7312 

—15  7737 

367 

1.281 
1.282 

0.2204  3221  7870 
0.2209  3904  7812 

5  0682  9942 

—15  7370 
—15  7002 

368 
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TABLE 

I.   LOGio 

SINII 

X — (Continued) 

X 

lo, 

g  sinh 

X 

A, 

^2 

A. 

1.280 

0.2199 

2523 

0558 

5 

0698 

7312 

—15 

7737 

367 

1.281 

0.2204 

3221 

7870 

5 

0682 

9942 

—15 

7370 

368 

1.282 

0.2209 

3904 

7812 

5 

0667 

2940 

—15 

7002 

365 

1.283 

0.2214 

4572 

0752 

5 

0651 

6303 

—15 

6637 

366 

1.284 

0.2219 

5223 

7055 

5 

0636 

0032 

—15 

6271 

363 

1.285 

0.2224 

5859 

7087 

5 

0620 

4124 

—15 

5908 

363 

1.286 

0.2229 

6480 

1211 

5 

0604 

8579 

—15 

5545 

363 

1.287 

0.2234 

7084 

9790 

5 

0589 

3397 

—15 

5182 

360 

1.288 

0.2239 

7674 

3187 

5 

0573 

8575 

—15 

4822 

361 

1.289 

0.2244 

8248 

1762 

5 

0558 

4114 

—15 

4461 

359 

1.290 

0.2249 

8806 

5876 

5 

0543 

0012 

—15 

4102 

358 

1.291 

0.2254 

9349 

5888 

5 

0527 

6268 

—15 

3744 

358 

1.292 

0.2259 

9877 

2156 

5 

0512 

2882 

—15 

3386 

356 

1.293 

0.2265 

0389 

5038 

5 

0496 

9852 

—15 

3030 

355 

1.294 

0.2270 

0886 

4890 

5 

0481 

7177 

—15 

2675 

355 

1.295 

0.2275 

1368 

2067 

5 

0466 

4857 

—15 

2320 

353 

1.296 

0.2280 

1834 

6924 

5 

0451 

2890 

—15 

1967 

354 

1.297 

0.2285 

2285 

9814 

5 

0436 

1277 

—15 

1613 

351 

1.298 

0.2290 

2722 

1091 

5 

0421 

0015 

—15 

1262 

350 

1.299 

0.2295 

3143 

1106 

5 

0405 

9103 

—15 

0912 

351 

1.300 

0.2300 

3549 

0209 

5 

0390 

8542 

—15 

0561 

349 

1.301 

0.2305 

3939 

8751 

5 

0375 

8330 

—15 

0212 

348 

1.302 

0.2310 

4315 

7081 

5 

0360 

8466 

—14 

9864 

346 

1.303 

0.2315 

4676 

5547 

5 

0345 

8948 

—14 

9518 

347 

1.304 

0.2320 

5022 

4495 

5 

0330 

9777 

—14 

9171 

346 

1.305 

0.2325 

5353 

4272 

5 

0316 

0952 

— 14 

8825 

344 

1.306 

0.2330 

5669 

5224 

5 

0301 

2471 

—14 

8481 

343 

1.307 

0.2335 

5970 

7695 

5 

0286 

4333 

—14 

8138 

343 

1.308 

0.2340 

6257 

2028 

5 

0271 

6538 

—14 

7795 

343 

1.309 

0.2345 

6528 

8566 

5 

0256 

9086 

—14 

7452 

340 

1.310 

0.2350 

6785 

7652 

5 

0242 

1974 

—14 

7112 

339 

1.311 

0.2355 

7027 

9626 

5 

0227 

5201 

—14 

6773 

340 

1.312 

0.2360 

7255 

4827 

5 

0212 

8768 

—14 

6433 

338 

1.313 

0.2365 

7468 

3595 

5 

0198 

2673 

—14 

6095 

338 

1.314 

0.2370 

7666 

6268 

5 

0183 

6916 

—14 

5757 

335 

1.315 

0.2375 

7850 

3184 

5 

0169 

1494 

—14 

5422 

337 

1.316 

0.2380 

8019 

4678 

5 

0154 

6409 

—14 

5085 

333 

1.317 

0.2385 

8174 

1087 

5 

0140 

1657 

—14 

4752 

335 

1.318 

0.2390 

8314 

2744 

5 

0125 

7240 

—14 

4417 

333 

1.319 

0.2395 

8439 

9984 

5 

0111 

3156 

—14 

4084 

333 

1.320 

0.2400 

8551 

3140 

5 

0096 

9405 

—14 

3751 

330 

1.321 

0.2405 

8648 

2545 

5 

0082 

5984 

—14 

3421 

331 

1.322 

0.2410 

8730 

8529 

—14 

3090 

328 
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TABLE  I.     LOGio  SINH  X— (Continued) 


X 

log  sinh  X 

K 

Ao 

A3 

1.320 

0.2400  8551  3140 

5     0096  9405 

—14  3751 

330 

1.321 

0.2405  8648  2545 

5  0082  5984 

—14  3421 

331 

1.322 

0.2410  8730  8529 

5  0068  2894 

—14  3090 

330 

1.323 

0.2415  8799  1423 

5  0054  0134 

— 14  2760 

327 

1.324 

0.2420  8853  1557 

5  0039  7701 

—14  2433 

329 

1.325 

0.2425  8892  9258 

5  0025  5597 

— 14  2104 

327 

1.326 

0.2430  8918  4855 

5  0011  3820 

—14  1777 

326 

1.327 

0.2435  8929  8675 

4  9997  2369 

—14  1451 

326 

1.32S 

0.2440  8927  1044 

4  9983  1244 

—14  1125 

323 

1.329 

0.2445  8910  2288 

4  9969  0442 

— 14  0802 

325 

1.330 

0.2450  8879  2730 

4  9954  9965 

— 14  0477 

322 

1.331 

0.2455  8834  2695 

— 14  0155 

322 

4  9940  9810 

1.332 

0.2460  8775  2505 

4  9926  9977 

—13  9833 

322 

1.333 

0.2465  8702  2482 

4  9913  0466 

—13  9511 

319 

1.334 

0.2470  8615  2948 

4  9899  1274 

— 13  9192 

320 

1.335 

0.2475  8514  4222 

4  9885  2402 

— 13  8872 

319 

1.336 

0.2480  8399  6624 

4  9871  3849 

—13  8553 

318 

1.337 

0.2485  8271  0473 

4  9857  5614 

—13  8235 

317 

1.33S 

0.2490  8128  6087 

4  9843  7696 

— 13  7918 

315 

1.339 

0.2495  7972  3785 

4  9830  0093 

— 13  7603 

316 

1.340 

0.2500  7802  3876 

4  9816  2806 

— 13  7287 

315 

1.341 

0.2505  7618  6682 

4  9802  5834 

— 13  6972 

314 

1.342 

0.2510  7421  2516 

4  9788  9176 

—13  6658 

313 

1.343 

0.2515  7210  1692 

— 13  6345 

311 

4  9775  2831 

1.344 

0.2520  6985  4523 

4  9761  6797 

— 13  6034 

312 

1.345 

0.2525  6747   1320 

4  9748  1075 

— 13  5722 

312 

1.346 

0.2530  6495  2395 

4  9734  5665 

—13  5410 

309 

1.347 

0.2535  6229  8060 

4  9721  0564 

—13  5101 

308 

1.34S 

0.2540  5950  8624 

— 13  4793 

309 

4  9707  5771 

1.349 

0.2545  5658  4395 

— 13  4484 

307 

4  9694  1287 

1.350 

0.2550  5352  5682 

4  9680  7110 

— 13  4177 

307 

1.351 

0.2555  5033  2792 

4  9667  3240 

— 13  3870 

305 

1.352 

0.2560  4700  6032 

4  9653  9675 

— 13  3565 

306 

1.353 

0.2565  4354  5707 

4  9640  6416 

—13  3259 

304 

1.354 

0.2570  3995  2123 

4  9627  3461 

— 13  2955 

303 

1.355 

0.2575  3622  5584 

4  9614  0809 

— 13  2652 

304 

1.356 

0.2580  3236  6393 

4  9600  8461 

—13  2348 

301 

1.357 

0.2585  2837  4854 

4  9587  6414 

— 13  2047 

302 

1.358 

0.2590  2425  1268 

4  9574  4669 

—13  1745 

299 

1.359 

0.2595  1999  5937 

4  9561  3223 

—13  1446 

301 

1.360 

0.260Q  1560  9160 

4  9548  2078 

—13  1145 

298 

1.361 

0.2605  1109  1238 

4  9535  1231 

—13  0847 

298 

1.362 

0.2610  0644  2469 

— ^13  0549 
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TABLE  I.     LOGio  SINK  X— (Continued) 


X 

log  sinh  X 

Ai 

^2 

As 

1.360 

0.2600 

1560 

9160 

4 

9548 

2078 

—13 

1145 

298 

1.361 

0.2605 

1109 

1238 

4 

9535 

1231 

—13 

0847 

298 

1.362 

0.2610 

0644 

2469 

4 

9522 

0682 

—13 

0549 

299 

1.363 

0.2615 

0166 

3151 

4 

9509 

0432 

—13 

0250 

296 

1.364 

0.2619 

9675 

3583 

4 

9496 

0478 

—12 

9954 

296 

1.363 

0.2624 

9171 

4061 

4 

9483 

0820 

—12 

9658 

294 

1.366 

0.2629 

8654 

4881 

4 

9470 

1456 

—12 

9364 

294 

1.367 

0.2634 

8124 

6337 

4 

9457 

2386 

—12 

9070 

295 

1.36S 

0.2639 

7581 

8723 

4 

9444 

3611 

—12 

8775 

292 

1.369 

0.2644 

7026 

2334 

4 

9431 

5128 

—12 

8483 

293 

1.370 

0.2649 

6457 

7462 

4 

9418 

6938 

—12 

8190 

292 

1.371 

0.2654 

5876 

4400 

4 

9405 

9040 

—12 

7898 

289 

1.372 

0.2659 

5282 

3440 

4 

9393 

1431 

—12 

7609 

290 

1.373 

0.2664 

4675 

4871 

4 

9380 

4112 

— 12 

7319 

291 

1.374 

0.2669 

4055 

8983 

4 

9367 

7084 

—12 

7028 

287 

1.375 

0.2674 

3423 

6067 

4 

9355 

0343 

—12 

6741 

288 

1.376 

0.2679 

2778 

6410 

4 

9342 

3890 

—12 

6453 

286 

1.377 

0.2684 

2121 

0300 

4 

9329 

7723 

—12 

6167 

288 

1.37S 

0.2689 

1450 

8023 

4 

9317 

1844 

—12 

5879 

285 

1.379 

0.2694 

0767 

9867 

4 

9304 

6250 

—12 

5594 

285 

1.380 

0.2699 

0072 

6117 

4 

9292 

0941 

—12 

5309 

284 

1.381 

0.2703 

9364 

7058 

4 

9279 

5916 

—12 

5025 

283 

1.382 

0.2708 

8644 

2974 

4 

9267 

1174 

—12 

4742 

283 

1.383 

0.2713 

7911 

4148 

4 

9254 

6715 

—12 

4459 

282 

1.384 

0.2718 

7166 

0863 

4 

9242 

2538 

— 12 

4177 

282 

1.385 

0.2723 

6408 

3401 

4 

9229 

8643 

— 12 

3895 

279 

1.386 

0.2728 

5638 

2044 

4 

9217 

5027 

— 12 

3616 

281 

1.387 

0.2733 

4855 

7071 

4 

9205 

1692 

—12 

3335 

280 

1.388 

0.2738 

4060 

8763 

4 

9192 

8637 

—12 

3055 

277 

1.389 

0.2743 

3253 

7400 

4 

9180 

5859 

—12 

2778 

277 

1.390 

0.2748 

2434 

3259 

4 

9168 

3358 

—12 

2501 

278 

1.391 

0.2753 

1602 

6617 

4 

9156 

1135 

—12 

2223 

277 

1.392 

0.2758 

0758 

7752 

4 

9143 

9189 

—12 

1946 

275 

1.393 

0.2762 

9902 

6941 

4 

9131 

7518 

—12 

1671 

275 

1.394 

0.2767 

9034 

4459 

4 

9119 

6122 

—12 

1396 

274 

1.395 

0.2772 

8154 

0581 

4 

9107 

5000 

—12 

1122 

274 

1.396 

0.2777 

7261 

5581 

4 

9095 

4152 

—12 

0848 

274 

1.397 

0.2782 

6356 

9733 

4 

9083 

3578 

—12 

0574 

271 

1.398 

0.2787 

5440 

3311 

4 

9071 

3275 

—12 

0303 

272 

1.399 

0.2792 

4511 

6586 

4 

9059 

3244 

—12 

0031 

270 

1.400 

0.2797 

3570 

9830 

4 

9047 

3483 

—11 

9761 

270 

1.401 

0.2802 

2618 

3313 

4 

9035 

3992 

—11 

9491 

272 

1.402 

0.2807 

1653 

7305 

—11 

9219 
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TABLE 

I.  LOG 

10  SINH  X — {Continued) 

X 

log 

sinh  X 

Ai 

A. 

Ao 

1.400 

0.2797 

3570 

9830 

4 

9047 

3483 

—11 

9761 

270 

1.401 

0.2802 

2618 

3313 

4 

9035 

3992 

— 11 

9491 

272 

1.402 

0.2807 

1653 

7305 

4 

9023 

4773 

—11 

9219 

267 

1.403 

0.2812 

0677 

2078 

4 

9011 

5821 

— 11 

8952 

269 

1.404 

0.2816 

9688 

7899 

4 

8999 

7138 

—11 

8683 

266 

1.405 

0.2821 

8688 

5037 

4 

8987 

8721 

—11 

8417 

268 

1.406 

0.2826 

7676 

3758 

4 

8976 

0572 

— 11 

8149 

265 

1.407 

0.2831 

6652 

4330 

4 

8964 

2688 

—11 

7884 

267 

1.408 

0.2836 

5616 

7018 

4 

8952 

5071 

—11 

7617 

265 

1.409 

0.2841 

4569 

2089 

4 

8940 

7719 

— 11 

7352 

263 

1.410 

0.2846 

3509 

9808 

4 

8929 

0630 

—11 

7089 

264 

1.411 

0.2851 

2439 

0438 

4 

8917 

3805 

—11 

6825 

262 

1.412 

0.2856 

1356 

4243 

4 

8905 

7242 

—11 

6563 

263 

1.413 

0.2861 

0262 

1485 

4 

8894 

0942 

—11 

6300 

263 

1.414 

0.2865 

9156 

2427 

4 

8882 

4905 

—11 

6037 

259 

1.415 

0.2870 

8038 

7332 

4 

8870 

9127 

—11 

5778 

261 

1.416 

0.2875 

6909 

6459 

4 

8859 

3610 

—11 

5517 

260 

1.417 

0.2880 

5769 

0069 

4 

8847 

8353 

—11 

5257 

258 

1.418 

0.2885 

4616 

8422 

4 

8836 

3354 

—11 

4999 

259 

1.419 

0.2890 

3453 

1776 

4 

8824 

8614 

— 11 

4740 

257 

1.420 

0.2895 

2278 

0390 

4 

8813 

4131 

—11 

4483 

258 

1.421 

0.2900 

1091 

4521 

4 

8801 

9906 

—11 

4225 

257 

1.422 

0.2904 

9893 

4427 

4 

8790 

5938 

—11 

3968 

254 

1.423 

0.2909 

8684 

0365 

4 

8779 

2224 

—11 

3714 

256 

1.424 

0.2914 

7463 

2589 

4 

8767 

8766 

— 11 

3458 

254 

1.425 

0.2919 

6231 

1355 

4 

8756 

5562 

—11 

3204 

255 

1.426 

0.2924 

4987 

6917 

4 

8745 

2613 

—11 

2949 

253 

1.427 

0.2929 

3732 

9530 

4 

8733 

9917 

—11 

2696 

251 

1.428 

0.2934 

2466 

9447 

4 

8722 

7472 

—11 

2445 

254 

1.429 

0.2939 

1189 

6919 

4 

8711 

5281 

—11 

2191 

251 

1.430 

0.2943 

9901 

2200 

4 

8700 

3341 

—11 

1940 

250 

1.431 

0.2948 

8601 

5541 

4 

8689 

1651 

—11 

1690 

251 

1.432 

0.2953 

7290 

7192 

4 

8678 

0212 

— 11 

1439 

248 

1.433 

0.2958 

5968 

7404 

4 

8666 

9021 

—11 

1191 

251 

1.434 

0.2963 

4635 

6425 

4 

8655 

8081 

—11 

0940 

247 

1.435 

0.2968 

3291 

4506 

4 

8644 

7388 

—11 

0693 

248 

1.436 

0.2973 

1936 

1894 

4 

8633 

6943 

— 11 

0445 

248 

1.437 

0.2978 

0569 

8837 

4 

8622 

6746 

—11 

0197 

245 

1.438 

0.2982 

9192 

5583 

4 

8611 

6794 

— 10 

9952 

247 

1.439 

0.2987 

7804 

2377 

4 

8600 

7089 

—10 

9705 

245 

1.440 

0.2992 

6404 

9466 

4 

8589 

7629 

— 10 

9460 

244 

1.441 

0.2997 

4994 

7095 

4 

8578 

8413 

—10 

9216 

244 

1.442 

0.3002 

3573 

5508 

—10 

8972 
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TABLE 

I.  LOG 

10  SINII 

X—iCont 

inued] 

1 

X 

log  sinh  X 

Ai 

t 

^2 

A.. 

1.440 

0.2992 

6404 

9466 

4 

8589 

7629 

—10 

9460 

244 

1.441 

0.2997 

49$4 

7095 

4 

8578 

8413 

—10 

9216 

244 

1.442 

0.3002 

3573 

5508 

4 

8567 

9441 

—10 

8972 

244 

1.443 

0.3007 

2141 

4949 

4 

8557 

0713 

—10 

8728 

243 

1.444 

0.3012 

0698 

5662 

4 

8546 

2228 

—10 

8485 

242 

1.445 

0.3016 

9244 

7890 

4 

8535 

3985 

—10 

8243 

242 

1.446 

0.3021 

7780 

1875 

4 

8524 

5984 

—10 

8001 

241 

1.447 

0.3026 

6304 

7859 

4 

8513 

8224 

—10 

7760 

239 

1.448 

0.3031 

4818 

6083 

4 

8503 

0703 

—10 

7521 

242 

1.449 

0.3036 

3321 

6786 

4 

8492 

3424 

—10 

7279 

239 

1.450 

0.3041 

1814 

0210 

4 

8481 

6384 

—10 

7040 

238 

1.451 

0.3046 

0295 

6594 

4 

8470 

9582 

—10 

6802 

238 

1.452 

0.3050 

8766 

6176 

4 

8460 

3018 

—10 

6564 

237 

1.453 

0.3055 

7226 

9194 

4 

8449 

6691 

—10 

6327 

239 

1.454 

0.3060 

5676 

5885 

4 

8439 

0603 

—10 

6088 

235 

1.455 

0.3065 

4115 

6488 

4 

8428 

4750 

—10 

5853 

236 

1.456 

0.3070 

2544 

1238 

4 

8417 

9133 

—10 

5617 

236 

1.457 

0.3075 

0962 

0371 

4 

8407 

3752 

—10 

5381 

233 

1.45S 

0.3079 

9369 

4123 

4 

8396 

8604 

—10 

5148 

235 

1.459 

0.3084 

7766 

2727 

4 

8386 

3691 

—10 

4913 

234 

1.460 

0.3089 

6152 

6418 

4 

8375 

9012 

—10 

4679 

233 

1.461 

0.3094 

4528 

5430 

4 

8365 

4566 

—10 

4446 

231 

1.462 

0.3099 

2893 

9996 

4 

8355 

0351 

—10 

4215 

233 

1.463 

0.3104 

1249 

0347 

4 

8344 

6369 

—10 

3982 

230 

1.464 

0.3108 

9593 

6716 

4 

8334 

2617 

—10 

3752 

232 

1.465 

0.3113 

7927 

9333 

4 

8323 

9097 

—10 

3520 

230 

1.466 

0.3118 

6251 

8430 

4 

8313 

5807 

—10 

3290 

229 

1.467 

0.3123 

4565 

4237 

4 

8303 

2746 

—10 

3061 

230 

1.46S 

0.3128 

2868 

6983 

4 

8292 

9915 

—10 

2831 

228 

1.469 

0.3133 

1161 

6898 

4 

8282 

7312 

—10 

2603 

227 

1.470 

0.3137 

9444 

4210 

4 

8272 

4936 

—10 

2376 

229 

1.471 

0.3142 

7716 

9146 

4 

8262 

2789 

—10 

2147 

225 

1.472 

0.3147 

5979 

1935 

4 

8252 

0867 

—10 

1922 

227 

1.473 

0.3152 

4231 

2802 

4 

8241 

9172 

—10 

1695 

225 

1.474 

0.3157 

2473 

1974 

4 

8231 

7702 

—10 

1470 

226 

1.475 

0.3162 

0704 

9676 

4 

8221 

6458 

—10 

1244 

224 

1.476 

0.3166 

8926 

6134 

4 

8211 

5438 

—10 

1020 

225 

1.477 

0.3171 

7138 

1572 

4 

8201 

4643 

—10 

0795 

223 

1.478 

0.3176 

5339 

6215 

4 

8191 

4071 

—10 

0572 

222 

1.479 

0.3181 

3531 

0286 

4 

8181 

3721 

—10 

0350 

223 

1.480 

0.3186 

1712 

4007 

4 

8171 

3594 

—10 

0127 

223 

1.481 

0.3190 

9883 

7601 

4 

8161 

3690 

—  9 

9904 

220 

1.482 

0.3195 

8045 

1291 

—  9 

9684 

332 
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TABLE 

I.  LOG 

10  SINH 

X — (Continued) 

X 

log 

sinh  a. 

Ai 

Ao 

As 

1.4S0 

0.3186 

1712 

4007 

4 

8171 

3594 

—10 

0127 

223 

1.481 

0.3190 

9883 

7601 

4 

8161 

3690 

— 9 

9904 

220 

1.482 

0.3195 

8045 

1291 

4 

8151 

4006 

— 9 

9684 

222 

1.483 

0.3200 

6196 

5297 

4 

8141 

4544 

—9 

9462 

219 

1.484 

0.3205 

4337 

9841 

4 

8131 

5301 

—9 

9243 

220 

1.485 

0.3210 

2469 

5142 

4 

8121 

6278 

—9 

9023 

219 

1.486 

0.3215 

0591 

1420 

4 

8111 

7474 

—9 

8804 

219 

1.487 

0.3219 

8702 

8894 

4 

8101 

8889 

—9 

8585 

218 

1.488 

0.3224 

6804 

7783 

4 

8092 

0522 

—9 

8367 

218 

1.489 

0.3229 

4896 

8305 

4 

8082 

2373 

—9 

8149 

217 

1.490 

0.3234 

2979 

0678 

4 

8072 

4441 

—9 

7932 

216 

1.491 

0.3239 

1051 

5119 

4 

8062 

6725 

— 9 

7716 

217 

1.492 

0.3243 

9114 

1844 

4 

8052 

9226 

—9 

7499 

216 

1.493 

0.3248 

7167 

1070 

4 

8043 

1943 

—9 

7283 

214 

1.494 

0.3253 

5210 

3013 

4 

8033 

4874 

—9 

7069 

214 

1.495 

0.3258 

3243 

7887 

4 

8023 

8019 

—9 

6855 

215 

1.496 

0.3263 

1267 

5906 

4 

8014 

1379 

—9 

6640 

213 

1.497 

0.3267 

9281 

7285 

4 

8004 

4952 

—9 

6427 

212 

1.498 

0.3272 

7286 

2237 

4 

7994 

8737 

—9 

6215 

214 

1.499 

0.3277 

5281 

0974 

4 

7985 

2736 

—9 

6001 

212 

1.500 

0.3282 

3266 

3710 

4 

7975 

6947 

—9 

5789 

210 

•  1.501 

0.3287 

1242 

0657 

4 

7966 

1368 

—9 

5579 

211 

1.502 

0.3291 

9208 

2025 

4 

7956 

6000 

—9 

5368 

211 

1.503 

0.3296 

7164 

8025 

4 

7947 

0843 

—9 

5157 

209 

1.504 

0.3301 

5111 

8868 

4 

7937 

5895 

—9 

4948 

211 

1.505 

0.3306 

3049 

4763 

4 

7928 

1158 

—9 

4737 

208 

1.506 

0.3311 

0977 

5921 

4 

7918 

6629 

—9 

4529 

208 

1.507 

0.3315 

8896 

2550 

4 

7909 

2308 

—9 

4321 

209 

1.508 

0.3320 

6805 

4858 

4 

7899 

8196 

—9 

4112 

206 

1.509 

0.3325 

4705 

3054 

4 

7890 

4290 

—9 

3906 

208 

1.510 

0.3330 

2595 

7344 

4 

7881 

0592 

—9 

3698 

205 

1.511 

0.3335 

0476 

7936 

4 

7871 

7099 

—9 

3493 

207 

1.512 

0.3339 

8348 

5035 

4 

7862 

3813 

—9 

3286 

206 

1.513 

0.3344 

6210 

8848 

4 

7853 

0733 

—9 

3080 

204 

1.514 

0.3349 

4063 

9581 

4 

7843 

7857 

—9 

2876 

204 

1.515 

0.3354 

1907 

7438 

4 

7834 

5185 

—9 

2672 

205 

1.516 

0.3358 

9742 

2623 

4 

7825 

2718 

—9 

2467 

203 

1.517 

0.3363 

7567 

5341 

4 

7816 

0454 

—9 

2264 

202 

1.518 

0.3368 

5383 

5795 

4 

7806 

8392 

—9 

2062 

203 

1.519 

0.3373 

3190 

4187 

4 

7797 

6533 

—9 

1859 

202 

1.520 

0.3378 

0988 

0720 

4 

7788 

4876 

—9 

1657 

202 

1.521 

0.3382 

8776 

5596 

4 

7779 

3421 

—9 

1455 

201 

1.522 

0.3387 

6555 

9017 

—9 

1254 
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TABLE 

I.  LOG 

^10 

SINH 

X — (Continued) 

X 

lo, 

g  sinh 

X 

A, 

Ao 

A3 

1.520 

0.3378 

0988 

0720 

4 

7788 

4876 

—9 

1657 

202 

1.521 

0.3382 

8776 

5596 

4 

7779 

3421 

—9 

1455 

201 

1.522 

0.3387 

6555 

9017 

4 

7770 

2167 

—9 

1254 

200 

1.523 

0.3392 

4326 

1184 

4 

7761 

1113 

—9 

1054 

200 

1.524 

0.3397 

2087 

2297 

4 

7752 

0259 

—9 

0854 

200 

1.525 

0.3401 

9839 

2556 

4 

7742 

9605 

—9 

0654 

199 

1.526 

0.3406 

7582 

2161 

4 

7733 

9150 

—9 

0455 

199 

1.527 

0.3411 

5316 

1311 

4 

7724 

8894 

—9 

0256 

197 

1.528 

0.3416 

3041 

0205 

4 

7715 

8835 

—9 

0059 

199 

1.529 

0.3421 

0756 

9040 

4 

7706 

8975 

—8 

9860 

197 

1.530 

0.3425 

8463 

8015 

4 

7697 

9312 

—8 

9663 

196 

1.531 

0.3430 

6161 

7327 

4 

7688 

9845 

—8 

9467 

197 

1.532 

0.3435 

3850 

7172 

4 

7680 

0575 

—8 

9270 

195 

1.533 

0.3440 

1530 

7747 

4 

7671 

1500 

—8 

9075 

196 

1.534 

0.3444 

9201 

9247 

4 

7662 

2621 

—8 

8879 

194 

1.535 

0.3449 

6864 

1868 

4 

7653 

3936 

—8 

8685 

195 

1.536 

0.3454 

4517 

5804 

4 

7644 

5446 

—8 

8490 

194 

1.537 

0.3459 

2162 

1250 

4 

7635 

7150 

—8 

8296 

193 

1.53S 

0.3463 

9797 

8400 

4 

7626 

9047 

—8 

8103 

193 

1.539 

0.3468 

7424 

7447 

4 

7618 

1137 

—8 

7910 

195 

1.540 

0.3473 

5042 

8584 

4 

7609 

3422 

—8 

7715 

189 

1.541 

0.3478 

2652 

2006 

4 

7600 

5896 

—8 

7526 

193 

1.542 

0.3483 

0252 

7902 

4 

7591 

8563 

—8 

7333 

191 

1.543 

0.3487 

7844 

6465 

4 

7583 

1421 

—8 

7142 

191 

1.544 

0.3492 

5427 

7886 

4 

7574 

4470 

—8 

6951 

190 

1.545 

0.3497 

3002 

2356 

4 

7565 

7709 

—8 

6761 

189 

1.546 

0.3502 

0568 

0065 

4 

7557 

1137 

—8 

6572 

191 

1.547 

0.3506 

8125 

1202 

4 

7548 

4756 

—8 

6381 

188 

1.548 

0.3511 

5673 

5958 

4 

7539 

8563 

—8 

6193 

189 

1.549 

0.3516 

3213 

4521 

4 

7531 

2559 

—8 

6004 

188 

1.550 

0.3521 

0744 

7080 

4 

7522 

6743 

—8 

5816 

187 

1.551 

0.3525 

8267 

3823 

4 

7514 

1114 

—8 

5629 

187 

1.552 

0.3530 

5781 

4937 

4 

7505 

5672 

—8 

5442 

187 

1.553 

0.3535 

3287 

0609 

4 

7497 

0417 

—8 

5255 

187 

1.554 

0.3540 

0784 

1026 

4 

7488 

5349 

8 

5068 

185 

1.555 

0.3544 

8272 

6375 

4 

7480 

0466 

—8 

4883 

186 

1.556 

0.3549 

5752 

6841 

4 

7471 

5769 

—8 

4697 

184 

1.557 

0.3554 

3224 

2610 

4 

7463 

1256 

—8 

4513 

186 

1.558 

0.3559 

0687 

3866 

4 

7454 

6929 

8 

4327 

184 

1.559 

0.3563 

8142 

0795 

4 

7446 

2786 

—8 

4143 

182 

1.560 

0.3568 

5588 

3581 

4 

7437 

8825 

—8 

3961 

184 

1.561 

0.3573 

3026 

2406 

4 

7429 

5048 

—8 

3777 

183 

1.562 

0.3578 

0455 

7454 

—8 

3594 
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TABLE  I.     LOGio  SINH 


X 

1.560 
1.561 
1.562 
1.563 
1.564 
1.565 
1.566 
1.567 
1.568 
1.569 
1.570 
1.571 
1.572 
1.573 
1.574 
1.575 
1.576 
1.577 
1.578 
1.579 
1.580 
1.581 
1.582 
1.583 
1.584 
1.585 
1.586 
1.587 
1.588 
1.589 
1.590 
1.591 
1.592 
1.593 
1.594 
1.595 
1.596 
1.597 
.  1.598 
1.599 
1.600 
1.601 
1.602 


log  sinh  X 
0.3568  5588  3581 
0.3573  3026  2406 
0.3578  0455  7454 
0.3582  7876  8908 
0.3587  5289  6951 
0.3592  2694  1764 
0.3597  0090  3528 
0.3601  7478  2425 
0.3606  4857  8636 
0.3611  2229  2340 
0.3615  9592  3718 
0.3620  6947   2948 
0.3625  4294  0211 
0.3630  1632  5684 
0.3634  8962  9546 
0.3639  6285  1973 
0.3644  3599  3144 
0.3649  0905  3234 
0.3653  8203  2421 
0.3658  5493  0881 
0.3663  2774  8790 
0.3668  0048  6322 
0.3672  7314  3653 
0.3677   4572  0956 
0.3682  1821  8405 
0.3686  9063  6174 
0.3691  6297   4437 
0.3696  3523  3367 
0.3701  0741  3135 
0.3705  7951  3913 
0.3710  5153  5873 
0.3715  2347  9186 
0.3719  9534  4023 
0.3724  6713  0554 
0.3729  3883  8950 
0.3734  1046  9380 
0.3738  8202  2013 
0.3743  5349  7017 
0.3748  2489  4561 
0.3752  9621  4813 
0.3757   6745  7941 
0.3762  3862  4111 
0.3767   0971  3491 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


A, 

7437 
7429 
7421 
7412 
7404 
7396 
7387 
7379 
7371 
7363 
7354 
7346 
7338 
7330 
7322 
7314 
7306 
7297 
7289 
7281 
4  7273 
4  7265 
4  7257 
7249 
7241 
7233 
7225 
7217 
7210 
7202 
7194 
7186 
7178 
7170 
7163 
7155 
7147 
7139 
7132 
7124 
7116 
7108 


X — (Continued) 

—8  3961 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


8825 

5048 

1454 

8043 

4813 

1764 

8897 

6211 

3704 

1378 

9230 

7263 

5473 

3862 

2427 

1171 

0090 

9187 

8460 

7909 

7532 

7331 

7303 

7449 

7769 

8263 

8930 

9768 

0778 

1960 

3313 

4837 

6531 

8396 

0430 

2633 

5004 

7544 

0252 

3128 

6170 

9380 


—8  3777 
—8  3594 
—8  3411 
—8  3230 
— 8  3049 
—8  2867 
—8  2686 
—8  2507 
—8  2326 
—8  2148 
—8  1967 
—8  1790 
—8  1611 
— 8  1435 
—8  1256 
— 8  1081 
—8  0903 
—8  0727 
—8  0551 
—8  0377 
—8  0201 
— 8  0028 


—7 
— 7 

—7 


9854 
9680 
9506 


—7  9333 
—7  9162 
—7  8990 


— 7 
— 7 
—7 
—7 
— 7 
— 7 
— 7 
—7 
—7 


8818 
8647 
8476 
8306 
8135 
7966 
7797 
7629 
7460 


—7  7292 


—7 
—7 
—7 

—7 


7124 
6958 
6790 
6624 


^3     t 

184 

183 

183 

181 

181 

182 

181 

179 

181 

178 

181 

177 

179 

176 

179 

175 

178 

176 

176 

174 

176 

173 

174 

174 

174 

173 

171 

172 

172 

171 

171 

170 

171 

169 

169 

168 

169 

168 

168 

166 

168 

166 
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TABLE 

I.  LOG 

10  SINK 

X—{Con 

tinucd) 

X 

log  sinh  X 

Ai 

^2 

As 

1.600 

0.3757 

6745 

7941 

4 

7116 

6170 

—7 

6958 

168 

1.601 

0.3762 

3862 

4111 

4 

7108 

9380 

—7 

6790 

166 

1.602 

0.3767 

0971 

3491 

4 

7101 

2756 

—7 

6624 

166 

1.603 

0.3771 

8072 

6247 

4 

7093 

6298 

—7 

6458 

165 

1.604 

0.3776 

5166 

2545 

4 

7086 

0005 

— 7 

6293 

165 

1.605 

0.3781 

2252 

2550 

4 

7078 

3877 

—7 

6128 

167 

1.606 

0.3785 

9330 

6427 

4 

7070 

7916 

— 7 

5961 

163 

1.607 

0.3790 

6401 

4343 

4 

7063 

2118 

— 7 

5798 

165 

1.608 

0.3795 

3464 

6461 

4 

7055 

6485 

—7 

5633 

162 

1.609 

0.3800 

0520 

2946 

4 

7048 

1014 

—7 

5471 

165 

1.610 

0.3804 

7568 

3960 

4 

7040 

5708 

—7 

5306 

162 

1.611 

0.3809 

4608 

9668 

4 

7033 

0564 

—7 

5144 

164 

1.612 

0.3814 

1642 

0232 

4 

7025 

5584 

—7 

4980 

160 

1.613 

0.3818 

8667 

5816 

4 

7018 

0764 

—7 

4820 

163 

1.614 

0.3823 

5685 

6580 

4 

7010 

6107 

—7 

4657 

162 

1.615 

0.3828 

2696 

2687 

4 

7003 

1612 

—7 

4495 

160 

1.616 

0.3832 

9699 

4299 

4 

6995 

7277 

—7 

4335 

161 

1.617 

0.3837 

6695 

1576 

4 

6988 

3103 

—7 

4174 

161 

1.618 

0.3842 

3683 

4679 

4 

6980 

9090 

—7 

4013 

160 

1.619 

0.3847 

0664 

3769 

4 

6973 

5237 

— 7 

3853 

158 

1.620 

0.3851 

7637 

9006 

4 

6966 

1542 

—7 

3695 

160 

1.621 

0.3856 

4604 

0548 

4 

6958 

8007 

—7 

3535 

160 

1.622 

0.3861 

1562 

8555 

4 

6951 

4632 

—7 

3375 

157 

1.623 

0.3865 

8514 

3187 

4 

6944 

1414 

— 7 

3218 

159 

1.624 

0.3870 

5458 

4601 

4 

6936 

8355 

—7 

3059 

158 

1.625 

0.3875 

2395 

2956 

4 

6929 

5454 

—7 

2901 

157 

1.626 

0.3879 

9324 

8410 

4 

6922 

2710 

—7 

2744 

156 

1.627 

0.3884 

6247 

1120 

4 

6915 

0122 

—7 

2588 

158 

1.628 

0.3889 

3162 

1242 

4 

6907 

7692 

—7 

2430 

156 

1.629 

0.3894 

0069 

8934 

4 

6900 

5418 

—7 

2274 

156 

1.630 

0.3898 

6970 

4352 

4 

6893 

3300 

— 7 

2118 

155 

1.631 

0.3903 

3863 

7652 

4 

6886 

1337 

— 7 

1963 

155 

1.632 

0.3908 

0749 

8989 

4 

6878 

9529 

— 7 

1808 

156 

1.633 

0.3912 

7628 

8518 

4 

6871 

7877 

—7 

1652 

153 

1.634 

0.3917 

4500 

6395 

4 

6864 

6378 

—7 

1499 

156 

1.635 

0.3922 

1365 

2773 

4 

6857 

5035 

—7 

1343 

153 

1.636 

0.3926 

8222 

7808 

4 

6850 

3845 

—7 

1190 

154 

1.637 

0.3931 

5073 

1653 

4 

6843 

2809 

—7 

1036 

152 

1.638 

0.3936 

1916 

4462 

4 

6836 

1925 

—7 

0884 

152 

1.639 

0.3940 

8752 

6387 

4 

6829 

1193 

—7 

0732 

153 

1.640 

.0.3945 

5581 

7580 

4 

6822 

0614 

—7 

0579 

153 

1.641 

0.3950 

2403 

8194 

4 

6815 

0188 

— 7 

0426 

151 

1.642 

0.3954 

9218 

8382 

—7 

0275 
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TABLE  I.     LOG  10 
X  log  sinh  X 

1.640  0.3945  5581  7580 

1.641  0.3950  2403  8194 

1.642  0.3954  9218  8382 

1.643  0.3959  6026  8295 

1.644  0.3964  2827  8085 

1.645  0.3968  9621  7902 

1.646  0.3973  6408  7897 

1.647  0.3978  3188  8220 

1.648  0.3982  9961  9022 

1.649  0.3987  6728  0452 

1.650  0.3992  3487  2658 

1.651  0.3997  0239  5791 

1.652  0.4001  6984  9998 

1.653  0.4006  3723  5428 

1.654  0.4011  0455  2229 

1.655  0.4015  7180  0548 

1.656  0.4020  3898  0532 

1.657  0.4025  0609  2328 

1.658  0.4029  7313  6083 

1.659  0.4034  4011  1943 

1.660  0.4039  0702  0054 

1.661  0.4043  7386  0562 

1.662  0.4048  4063  3611 

1.663  0.4053  0733  9346 

1.664  0.4057  7397  7912 

1.665  0.4062  4054  9453 

1.666  0.4067  0705  4113 

1.667  0.4071  7349  2035 

1.668  0.4076  3986  3363 

1.669  0.4081  0616  8238 

1.670  0.4085  7240  6805 

1.671  0.4090  3857  9205 

1.672  0.4095  0468  5581 

1.673  0.4099  7072  607^ 

1.674  0.4104  3670  0825 

1.675  0.4109  0260  9975 

1.676  0.4113  6845  3664 

1.677  0.4118  3423  2033 

1.678  0.4122  9994  5221 

1.679  0.4127  6559  3369 

1.680  0.4132  3117  6615 

1.681  0.4136  9669  5099 

1.682  0.4141  6214  8960 


SINH  X— (Continued) 


4  6822  0614 

—7  0579 

153 

4  6815  0188 

— 7  0426 

151 

4  6807  9913 

—7   0275 

152 

4  6800  9790 

—7  0123 

150 

4  6793  9817 

—6  9973 

151 

4  6786  9995 

—6  9822 

150 

4  6780  0323 

—6  9672 

151 

4  6773  0802 

—6  9521 

149 

4  6766  1430 

—6  9372 

148 

4  6759  2206 

—6  9224 

151 

4  6752  3133 

—6  9073 

147 

4  6745  4207 

—6  8926 

149 

4  6738  5430 

—6  8777 

148 

4  6731  6801 

—6  8629 

147 

4  6724  8319 

— 6  8482 

147 

4  6717  9984 

—6  8335 

147 

4  6711   1796 

—6  8188 

147 

4  6704  3755 

—6  8041 

146 

4  6697  5860 

—6  7895 

146 

4  6690  8111 

—6  7749 

146 

4  6684  0508 

— 6  7603 

144 

4  6677  3049 

—6  7459 

145 

4  6670  5735 

—6  7314 

145 

4  6663  8566 

—6  7169 

144 

4  6657   1541 

—6  7025 

144 

4  6650  4660 

—6  6881 

143 

4  6643  7922 

—6  6738 

144 

4  6637  1328 

—6  6594 

141 

4  6630  4875 

—6  6453 

145 

4  6623  8567 

—6  6308 

141 

4  6617  2400 

—6  6167 

143 

4  6610  6376 

—6  6024 

141 

4  6604  0493 

—6  5883 

141 

4  6597  4751 

—6  5742 

141 

4  6590  9150 

—6  5601 

140 

4  6584  3689 

—6  5461 

141 

4  6577  8369 

—6  5320 

139 

4  6571  3188 

—6  5181 

141 

4  6564  8148 

—6  5040 

138 

4  6558  3246 

—6  4902 

140 

4  6551  8484 

—6  4762 

139 

4  6545  3861 

—6  4623 
— 6  4485 

138 
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TABLE 

I.  LOG 

10  ' 

3INH 

X — (Continued) 

X 

log  sinh  X 

Ax 

^2 

A3 

1.680 

0.4132 

3117 

6615 

4 

6551 

8484 

—6 

4762 

139 

1.681 

0.4136 

9669 

5099 

4 

6545 

3861 

—6 

4623 

138 

1.682 

0.4141 

6214 

8960 

4 

6538 

9376 

—6 

4485 

138 

1.683 

0.4146 

2753 

8336 

4 

6532 

5029 

—6 

4347 

137 

1.684 

0.4150 

9286 

3365 

4 

6526 

0819 

—6 

4210 

137 

1.685 

0.4155 

5812 

4184 

4 

6519 

6746 

—6 

4073 

139 

1.686 

0.4160 

2332 

0930 

4 

6513 

2812 

—6 

3934 

136 

1.687 

0.4164 

8845 

3742 

4 

6506 

9014 

—6 

3798 

137 

1.688 

0.4169 

5352 

2756 

4 

6500 

5353 

—6 

3661 

135 

1.689 

0.4174 

1852 

8109 

4 

6494 

1827 

— 6 

3526 

137 

1.690 

0.4178 

8346 

9936 

4 

6487 

8438 

— 6 

3389 

134 

1.691 

0.4183 

4834 

8374 

4 

6481 

5183 

—6 

3255 

137 

1.692 

0.4188 

1316 

3557 

4 

6475 

2065 

—6 

3118 

134 

1.693 

0.4192 

7791 

5622 

4 

6468 

9081 

—6 

2984 

134 

1.694 

0.4197 

4260 

4703 

4 

6462 

6231 

—6 

2850 

136 

1.695 

0.4202 

0723 

0934 

4 

6456 

3517 

—6 

2714 

133 

1.696 

0.4206 

7179 

4451 

4 

6450 

0936 

—6 

2581 

134 

1.697 

0.4211 

3629 

5387 

4 

6443 

8489 

—6 

2447 

134 

1.698 

0.4216 

0073 

3876 

4 

6437 

6176 

—6 

2313 

132 

1.699 

0.4220 

6511 

0052 

4 

6431 

3995 

—6 

2181 

133 

1.700 

0.4225 

2942 

4047 

4 

6425 

1947 

—6 

2048 

133 

1.701 

0.4229 

9367 

5994 

4 

6419 

0032 

— 6 

1915 

132 

1.702 

0.4234 

5786 

6026 

4 

6412 

8249 

—6 

1783 

132 

1.703 

0.4239 

2199 

4275 

4 

6406 

6598 

—6 

1651 

132 

1.704 

0.4243 

8606 

0873 

4 

6400 

5079 

—6 

1519 

131 

1.705 

0.4248 

5006 

5952 

4 

6394 

3691 

—6 

1388 

131 

1.706 

0.4253 

1400 

9643 

4 

6388 

2434 

—6 

1257 

130 

1.707 

0.4257 

7789 

2077 

4 

6382 

1307 

—6 

1127 

131 

1.708 

0.4262 

4171 

3384 

4 

6376 

0311 

—6 

0996 

130 

1.709 

0.4267 

0547 

3695 

4 

6369 

9445 

—6 

0866 

131 

1.710 

0.4271 

6917 

3140 

4 

6363 

8710 

—6 

0735 

128 

1.711 

0.4276 

3281 

1850 

4 

6357 

8103 

—6 

0607 

130 

1.712 

0.4280 

9638 

9953 

4 

6351 

7626 

—6 

0477 

128 

1.713 

0.4285 

5990 

7579 

4 

6345 

7277 

—6 

0349 

130 

1.714 

0.4290 

2336 

4856 

4 

6339 

7058 

—6 

0219 

127 

1.715 

0.4294 

8676 

1914 

4 

6333 

6966 

—6 

0092 

129 

1.716 

0.4299 

5009 

8880 

4 

6327 

7003 

—5 

9963 

128 

1.717 

0.4304 

1337 

5883 

4 

6321 

7168 

—5 

9835 

127 

1.718 

0.4308 

7659 

3051 

4 

6315 

7460 

—5 

9708 

127 

1.719 

0.4313 

3975 

0511 

4 

6309 

7879 

—5 

9581 

127 

1.720 

0.4318 

0284 

8390 

4 

6303 

8425 

—5 

9454 

128 

1.721 

0.4322 

6588 

6815 

4 

6297 

9099 

—5 

9326 

125 

1.722 

0.4327 

2886 

5914 

—5 

9201 

338 


University  of  California  PuUications       [Engineering 


TABLE 

[.   LOCx 

10  SINH  X—iCon 

itinued) 

X 

log  sinh  X 

Ai 

A. 

A3 

1.720 

0.4318  0284 

8390 

4  6303 

8425 

—5  9454 

128 

1.721 

0.4322  6588 

6815 

4  6297 

9099 

— 5  9326 

125 

1.722 

0.4327   2886 

5914 

4  6291 

9898 

— 5  9201 

127 

1.723 

0.4331  9178 

5812 

4  6286 

0824 

— 5  9074 

125 

1.724 

0.4336  5464 

6636 

4  6280 

1875 

—5  8949 

126 

1.725 

0.4341   1744 

8511 

4  6274 

3052 

— 5  8823 

124 

1.726 

0.4345  8019 

1563 

4  6268 

4353 

— 5  8699 

126 

1.727 

0.4350  4287 

5916 

4  6262 

5780 

—5  8573 

125 

1.728 

0.4355  0550 

1696 

4  6256 

7332 

—5  8448 

124 

1.729 

0.4359  6806 

9028 

4  6250 

9008 

—5  8324 

124 

1.730 

0.4364  3057 

8036 

4  6245 

0808 

—5  8200 

123 

1.731 

0.4368  9302 

8844 

4  6239 

2731 

—5  8077 

124 

1.732 

0.4373  5542 

1575 

4  6233 

4778 

—5  7953 

124 

1.733 

0.4378  1775 

6353 

4  6227 

6949 

— 5  7829 

122 

1.734 

0.4382  8003 

3302 

4  6221 

9242 

— 5  7707 

124 

1.735 

0.4387  4225 

2544 

4  6216 

1659 

— 5  7583 

122 

1.736 

0.4392  0441 

4203 

4  6210 

4198 

—5  7461 

121 

1.737 

0.4396  6651 

8401 

4  6204 

6858 

—5  7340 

123 

1.738 

0.4401  2856 

5259 

4  6198 

9641 

— 5  7217 

121 

1.739 

0.4405  9055 

4900 

4  6193 

2545 

—5  7096 

122 

1.740 

0.4410  5248 

7445 

4  6187 

5571 

—5  6974 

121 

1.741 

0.4415  1436 

3016 

4  6181 

8718 

—5  6853 

121 

1.742 

0.4419  7618 

1734 

4  6176 

1986 

—5  6732 

119 

1.743 

0,4424  3794 

3720 

4  6170 

5373 

—5  6613 

121 

1.744 

0.4428  9964 

9093 

4  6164 

8881 

—5  6492 

121 

1.745 

0.4433  6129 

7974 

4  6159 

2510 

—5  6371 

118 

1.746 

0.4438  2289 

0484 

4  6153 

6257 

— 5  6253 

121 

1.747 

0.4442   8442 

6741 

4  6148 

0125 

— 5  6132 

119 

1.748 

0.4447   4590 

6866 

— 5  6013 

118 

4  6142 

4112 

1.749 

0.4452  0733 

0978 

4  6136 

8217 

—5  5895 

119 

1.750 

0.4456  6869 

9195 

—5  5776 

118 

4  6131 

2441 

1.751 

0.4461  3001 

1636 

4  6125 

6783 

—5  5658 

lis 

1.752 

0.4465  9126 

8419 

4  6120 

1243 

—5  5540 

119 

1.753 

0.4470  5246 

9662 

— 5  5421 

117 

4  6114 

5822 

1.754 

0.4475  1361 

5484 

—5  5304 

118 

4  6109 

0518 

1.755 

0.4479  7470 

6002 

—5  5186 

116 

4  6103 

5332 

1.756 

0.4484  3574 

1334 

—5  5070 

117 

4  6098 

0262 

1.757 

0.4488  9672 

1596 

—5  4953 

116 

4   6092 

5309 

1.758 

0.4493  5764 

6905 

—5  4837 

117 

4  6087 

0472 

1.759 

0.4498  1851 

7377 

—5  4720 

116 

4  6081 

5752 

1.760 

0.4502  7933 

3129 

—5  4604 

115 

4  6076 

1148 

1.761 

0.4507   4009 

4277 

4  6070 

6659 

—5  4489 

116 

1.762 

0.4512  0080 

0936 

—5  4373 
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TABLE 

I.  LOG 

10  ' 

SINIl 

X—(Con 

tinned) 

X 

log  sinh  X 

Ai 

A^ 

A;, 

1.760 

0.4502 

7933 

3129 

4 

6076 

1148 

—5 

4604 

115 

1.761 

0.4507 

4009 

4277 

4 

6070 

6659 

—5 

4489 

116 

1.762 

0.4512 

0080 

0936 

4 

6065 

2286 

—5 

4373 

115 

1.763 

0.4516 

6145 

3222 

4 

6059 

8028 

—5 

4258 

115 

1.764 

0.4521 

2205 

1250 

4 

6054 

3885 

—5 

4143 

116 

1.765 

0.4525 

8259 

5135 

4 

6048 

9858 

—5 

4027 

114 

1.766 

0.4530 

4308 

4993 

4 

6043 

5945 

—5 

3913 

113 

1.767 

0.4535 

0352 

0938 

4 

6038 

2145 

—5 

3800 

114 

1.768 

0.4539 

6390 

3083 

4 

6032 

8459 

—5 

3686 

114 

1.769 

0.4544 

2423 

1542 

4 

6027 

4887 

—5 

3572 

114 

1.770 

0.4548 

8450 

6429 

4 

6022 

1429 

—5 

3458 

114 

1.771 

0.4553 

4472 

7858 

4 

6016 

8085 

—5 

3344 

111 

1.772 

0.4558 

0489 

5943 

4 

6011 

4852 

—5 

3233 

113 

1.773 

0.4562 

6501 

0795 

4 

6006 

1732 

—5 

3120 

114 

1.774 

0.4567 

2507 

2527 

4 

6000 

8726 

—5 

3006 

111 

1.775 

0.4571 

8508 

1253 

4 

5995 

5831 

—5 

2895 

111 

1.776 

0.4576 

4503 

7084 

4 

5990 

3047 

—5 

2784 

113 

1.777 

0.4581 

0494 

0131 

4 

5985 

0376 

—5 

2671 

111 

1.778 

0.4585 

6479 

0507 

4 

5979 

7816 

—5 

2560 

111 

1.779 

0.4590 

2458 

8323 

4 

5974 

5367 

—5 

2449 

111 

1.780 

0.4594 

8433 

3690 

4 

5969 

3029 

—5 

2338 

111 

1.781 

0.4599 

4402 

6719 

4 

5964 

0802 

—5 

2227 

111 

1.782 

0.4604 

0366 

7521 

4 

5958 

8686 

—5 

2116 

109 

1.783 

0.4608 

6325 

6207 

4 

5953 

6679 

—5 

2007 

110 

1.784 

0.4613 

2279 

2886 

4 

5948 

4782 

—5 

1897 

110 

1.785 

0.4617 

8227 

7668 

4 

5943 

2995 

—5 

1787 

109 

1.786 

0.4622 

4171 

0663 

4 

5938 

1317 

—5 

1678 

111 

1.787 

0.4627 

0109 

1980 

4 

5932 

9750 

—5 

1567 

108 

1.788 

0.4631 

6042 

1730 

4 

5927 

8291 

—5 

1459 

108 

1.789 

0.4636 

1970 

0021 

4 

5922 

6940 

—5 

1351 

110 

1.790 

0.4640 

7892 

6961 

4 

5917 

5699 

—5 

1241 

106 

1.791 

0.4645 

3810 

2660 

4 

5912 

4564 

—5 

1135 

109 

1.792 

0.4649 

9722 

7224 

4 

5907 

3538 

—5 

1026 

108 

1.793 

0.4654 

5630 

0762 

4 

5902 

2620 

—5 

0918 

107 

1.794 

0.4659 

1532 

3382 

4 

5897 

1809 

—5 

0811 

108 

1.795 

0.4663 

7429 

5191 

4 

5892 

1106 

—5 

0703 

107 

1.796 

0.4668- 

3321 

6297 

4 

5887 

0510 

—5 

0596 

106 

1.797 

0.4672 

9208 

6807 

4 

5882 

0020 

—5 

0490 

108 

1.798 

0.4677 

5090 

6827 

4 

5876 

9638 

—5 

0382 

105 

1.799 

0.4682 

0967 

6465 

4 

5871 

9361 

—5 

0277 

107 

1.800 

0.4686 

6839 

5826 

4 

5866 

9191 

—5 

0170 

106 

1.801 

0.4691 

2706 

5017 

4 

5861 

9127 

—5 

0064 

104 

1.802 

0.4695 

8568 

4144 

—4 

9960 
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X 
1.800 
1.801 
1.802 
1.803 
1.804 
1.805 
1.806 
1.807 
1.808 
1.809 
1.810 
1.811 
1.812 
1.813 
1.814 
1.815 
1.816 
1.817 
1.818 
1.819 
1.820 
1.821 
1.822 
1.823 
1.824 
1.825 
1.826 
1.827 
1.828 
1.829 
1.830 
1.831 
1.832 
1.833 
1.834 
1.835 
1.836 
1.837 
1.838 
1.839 
1.840 
1.841 
1.842 


log  sinli  X 
0.4686  6839  5826 
0.4691  2706  5017 
0.4695  8568  4144 
0.4700  4425  3311 
0.4705  0277  2625 
0.4709  6124  2191 
0.4714  1966  2113 
0.4718  7803  2497 
0.4723  3635  3446 
0.4727  9462  5065 
0.4732  5284  7458 
0.4737   1102  0728 
0.4741  6914  4979 
0.4746  2722  0315 
0.4750  8524  6839 
0.4755  4322  4654 
0.4760  0115  3861 
0.4764  5903  4564 
0.4769  1686  6864 
0.4773  7465  0864 
0.4778  3238  6666 
0.4782  9007  4370 
0.4787  4771  4079 
0.4792  0530  5^92 
0.4796  6284  9911 
0.4801  2034  6237 
0.4805  7779  4970 
0.4810  3519  6210 
0.4814  9255  0058 
0.4819  4985  6611 
0.4824  0711  5971 
0.4828  6432  8237 
0.4833  2149  3507 
0.4837  7861  1880 
0.4842  3568  3456 
0.4846  9270  8332 
0.4851  4968  6606 
0.4856  0661  8377 
0.4860  6350  3742 
0.4865  2034  2800 
0.4869  7713  5646 
0.4874  3388  2378 
0.4878  9058  3093 


Ai 


4  5866 
4  5861 
4  '5856 
4  5851 
5846 
5841 
5837 
5832 
5827 
5822 
5817 
5812 
5807 
5802 
5797 
5792 
5788 
5783 
5778 
5773 
5768 
5763 
5759 
5754 
5749 
5744 
5740 
5735 
5730 
5725 
5721 
5716 
5711 
5707 
5702 
5697 
5693 
5688 
5683 
5679 
5674 
5670 


4 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


9191 

9127 

9167 

9314 

9566 

9922 

0384 

0949 

1619 

2393 

3270 

4251 

5336 

6524 

7815 

9207 

0703 

2300 

4000 

5802 

7704 

9709 

1813 

4019 

6326 

8733 

1240 

3848 

6553 

9360 

2266 

5270 

8373 

1576 

4876 

8274 

1771 

5365 

9058 

2846 

6732 

0715 


0170 
0064 


—4  9960 

—4  9853 

—4  9748 

—4  9644 

—4  9538 

— 4  9435 

—4  9330 

— 4  9226 

—4  9123 

—4  9019 

—4  8915 

—4  8812 


—4 
— 4 
—4 
— 4 
—4 


8709 
8608 
8504 
8403 
8300 


—4  8198 
—4  8098 
—4  7995 
— 4  7896 
—4  7794 
—4  7693 
—4  7593 
—4  7493 
—4  7392 
— 4  7295 
—4  7193 
— 4  7094 
—4  6996 
—4  6897 
--4  6797 
—4  6700 
—4  6602 
—4  6503 
— 4  6406 
—4  6307 
— 4  6212 
—4  6114 
—4  6017 
—4  5920 


^3 

106 
104 
107 
105 
104 
106 
103 
105 
104 
103 
104 
104 
103 
103 
101 
104 
101 
103 
102 
100 
103 
99 
102 
101 
100 
100 
101 
97 
102 
99 
98 
99 
100 
97 
98 
99 
97 
99 
95 
98 
97 
97 
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TABLE 

I.  LOGio 

SINII 

X—(Cont 

inued) 

X 

lOi 

g  sinh 

X 

A, 

A2 

A3 

1.840 

0.4869 

7713 

5646 

4 

5674 

6732 

— 4 

6114 

97 

1.841 

0.4874 

3388 

2378 

4 

5670 

0715 

—4 

6017 

97 

1.842 

0.4878 

9058 

3093 

4 

5665 

4795 

— 4 

5920 

97 

1.843 

0.4883 

4723 

7888 

4 

5660 

8972 

—4 

5823 

95 

1.844 

0.4888 

0384 

6860 

4 

5656 

3244 

—4 

5728 

97 

1.845 

0.4892 

6041 

0104 

4 

5651 

7613 

—4 

5631 

95 

1.846 

0.4897 

1692 

7717 

4 

5647 

2077 

—4 

5536 

96 

1.847 

0.4901 

7339 

9794 

4 

5642 

6637 

—4 

5440 

96 

1.848 

0.4906 

2982 

6431 

4 

5638 

1293 

—4 

5344 

94 

1.849 

0.4910 

8620 

7724 

4 

5633 

6043 

—4 

5250 

96 

1.850 

0.4915 

4254 

3767 

4 

5629 

0889 

—4 

5154 

95 

1.851 

0.4919 

9883 

4656 

4 

5624 

5830 

—4 

5059 

94 

1.852 

0.4924 

5508 

0486 

4 

5620 

0865 

—A 

4965 

95 

1.853 

0.4929 

1128 

1351 

4 

5615 

5995 

—4 

4870 

93 

1.854 

0.4933 

6743 

7346 

4 

5611 

1218 

—4 

4777 

94 

1.855 

0.4938 

2354 

8564 

4 

5606 

6535 

—4 

4683 

94 

1.856 

0.4942 

7961 

5099 

4 

5602 

1946 

— 4 

4589 

94 

1.857 

0.4947 

3563 

7045 

4 

5597 

7451 

—4 

4495 

93 

1.858 

0.4951 

9161 

4496 

4 

5593 

3049 

—4 

4402 

94 

1.859 

0.4956 

4754 

7545 

4 

558S 

8741 

—4 

4308 

92 

1.860 

0.4961 

0343 

6286 

4 

5584 

4525 

—4 

4216 

93 

1.861 

0.4965 

5928 

0811 

4 

5580 

0402 

—4 

4123 

93 

1.862 

0.4970 

1508 

1213 

4 

5575 

6372 

—4 

4030 

91 

1.863 

0.4974 

7083 

7585 

4 

5571 

2433 

—4 

3939 

93 

1.864 

0.4979 

2655 

0018 

4 

5566 

8587 

—4 

3846 

92 

1.865 

0.4983 

8221 

8605 

4 

5562 

4833 

—4 

3754 

91 

1.866 

0.4988 

3784 

3438 

4 

5558 

1170 

—4 

3663 

91 

1.867 

0.4992 

9342 

4608 

4 

5553 

7598 

— 4 

3572 

94 

1.868 

0.4997 

4896 

2206 

4 

5549 

4120 

—4 

3478 

89 

1.869 

0.5002 

0445 

6326 

4 

5545 

0731 

—4 

3389 

91 

1.870 

0.5006 

5990 

7057 

4 

5540 

7433 

—4 

3298 

91 

1.871 

0.5011 

1531 

4490 

4 

5536 

4226 

—4 

3207 

91 

1.872 

0.5015 

7067 

8716 

4 

5532 

1110 

— 4 

3116 

90 

1.873 

0.5020 

2599 

9826 

4 

5527 

8084 

—4 

3026 

90 

1.874 

0.5024 

8127 

7910 

4 

5523 

5148 

—4 

2936 

89 

1.875 

0.5029 

3651 

3058 

4 

5519 

2301 

—4 

2847 

91 

1.876 

0.5033 

9170 

5359 

4 

5514 

9545 

—4 

2756 

89 

1.877 

0.5038 

4685 

4904 

4 

5510 

6878 

—4 

2667 

90 

1.878 

0.5043 

0196 

1782 

4 

5506 

4301 

—4 

2577 

88 

1.879 

0.5047 

5702 

6083 

4 

5502 

1812 

—4 

2489 

90 

1.880 

0.5052 

1204 

7895 

4 

5497 

9413 

—4 

2399 

87 

1.881 

0.5056 

6702 

7308 

4 

5493 

7101 

— 4 

2312 

90 

1.882 

0.5061 

2196 

4409 

—4 

2222 
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TABLE  I.  L( 

)Gio 

SINH 

:  x~(Co) 

itinued) 

X 

Ic 

ig  sinh 

X 

A 

1 

A., 

A3 

1.880 

0.5052 

1204 

7895 

4 

5497 

9413 

—4 

2399 

87 

1.881 

0.5056 

6702 

7308 

4 

5493 

7101 

— 4 

2312 

90 

1.882 

0.5061 

2196 

4409 

4 

5489 

4879 

-^4 

2222 

89 

1.883 

0.5065 

7685 

9288 

4 

5485 

2746 

— 4 

2133 

88 

1.884 

0.5070 

3171 

2034 

4 

5481 

0701 

—4 

2045 

87 

1.885 

0.5074 

8652 

2735 

4 

5476 

8743 

—4 

1958 

88 

1.886 

0.5079 

4129 

1478 

4 

5472 

6873 

—4 

1870 

87 

1.887 

0.5083 

9601 

8351 

4 

5468 

5090 

—4 

1783 

89 

1.888 

0.5088 

5070 

3441 

4 

5464 

3396 

—4 

1694 

86 

1.889 

0.5093 

0534 

6837 

4 

5460 

1788 

—4 

1608 

87 

1.890 

0.5097 

5994 

8625 

4 

5456 

0267 

—4 

1521 

87 

1.891 

0.5102 

1450 

8892 

4 

5451 

8833 

—4 

1434 

87 

1.892 

0.5106 

6902 

7725 

4 

5447 

7486 

'—4 

1347 

87 

1.893 

0.5111 

2350 

5211 

4 

5443 

6226 

— 4 

1260 

85 

1.894 

0.5115 

7794 

1437 

4 

5439 

5051 

—4 

1175 

86 

1.895 

0.5120 

3233 

6488 

4 

5435 

3562 

—4 

1089 

88 

1.896 

0.5124 

8669 

0450 

4 

5431 

2961 

— 4 

1001 

83 

1.897 

0.5129 

4100 

3411 

4 

5427 

2043 

—4 

0918 

86 

1.898 

0.5133 

9527 

5454 

4 

5423 

1211 

—4 

0832 

86 

1.899 

0.5138 

4950 

6665 

4 

5419 

0465 

—4 

0746 

85 

1.900 

0.5143 

0369 

7130 

4 

5414 

9804 

—A 

0661 

86 

1.901 

0.5147 

5784 

6934 

4 

5410 

9229 

—4 

0575 

83 

1.902 

0.5152 

1195 

6163 

—4 

0492 

> 

4 

5406 

8737 

86 

1.903 

0.5156 

6602 

4900 

4 

5402 

8331 

—4 

0406 

84 

1.904 

0.5161 

2005 

3231 

4 

5398 

8009 

— 4 

0322 

83 

1.905 

0.5165 

7404 

1240 

4 

5394 

7770 

—4 

0239 

86 

1.906 

0.5170 

2798 

9010 

4 

5390 

7617 

—4 

0153 

83 

1.907 

0.5174 

8189 

6627 

4 

5386 

7547 

—4 

0070 

83 

1.908 

0.5179 

3576 

4174 

4 

5382 

7560 

—3 

9987 

83 

1.909 

0.5183 

8959 

1734 

4 

5378 

7656 

—3 

9904 

85 

1.910 

0.5188 

4337 

9390 

4 

5374 

7837 

—3 

9819 

82 

1.911 

0.5192 

9712 

7227 

4 

5370 

8100 

—3 

9737 

84 

1.912 

0.5197 

5083 

5327 

4 

5366 

8447 

—3 

9653 

83 

1.913 

0.5202 

0450 

37/4 

4 

5362 

8877 

—3 

9570 

81 

1.914 

0.5206 

5813 

2651 

4 

5358 

9388 

—3 

9489 

84 

1.915 

0.5211 

1172 

2039 

4 

5354 

9983 

—3 

9405 

81 

1.916 

0.5215 

6527 

2022 

4 

5351 

0659 

—3 

9324 

83 

1.917 

0.5220 

1878 

2681 

4 

5347 

1418 

—3 

9241 

SO 

1.918 

0.5224 

7225 

4099 

4 

5343 

2257 

—3 

9161 

83 

1.919 

0.5229 

2568 

6356 

4 

5339 

3179 

—3 

9078 

82 

1.920 

0.5233 

7907 

9535 

4 

5335 

4183 

—3 

8996 

80 

1.921 

0.5238 

3243 

3718 

4 

5331 

5267. 

—3 

8916 

82 

1.922 

0.5242 

8574 

8985 

—3 

8834 
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TABLE 

I.  LOG 

10  ' 

SINII 

A' — (Continued) 

X 

log  sinh  X 

\ 

A, 

A. 

1.920 

0.5233 

7907 

9535 

4 

5335 

4183 

—3 

8996 

80 

1.921 

0.5238 

3243 

3718 

4 

5331 

5267 

—3 

.8916 

82 

1.922 

0.5242 

8574 

8985 

4 

5327 

6433 

—3 

8834 

80 

1.923 

0.5247 

3902 

5418 

4 

5323 

7679 

—3 

8754 

83 

1.924 

0.5251 

9226 

3097 

4 

5319 

9008 

—3 

8671 

79 

1.925 

0.5256 

4546 

2105 

4 

5316 

0416 

—3 

8592 

81 

1.926 

0.5260 

9862 

2521 

4 

5312 

1905 

—3 

8511 

80 

1.927 

0.5265 

5174 

4426 

4 

5308 

3474 

—3 

8431 

81 

1.928 

0.5270 

0482 

7900 

4 

5304 

5124 

—3 

8350 

78 

1.929 

0.5274 

5787 

3024 

4 

5300 

6852 

—3 

8272 

81 

1.930 

0.5279 

1087 

9876 

4 

5296 

8661 

—3 

8191 

SO 

1.931 

0.5283 

6384 

8537 

4 

5293 

0550 

—3 

8111 

78 

1.932 

0.5288 

1677 

9087 

4 

5289 

2517 

—3 

8033 

80 

1.933 

0.5292 

6967 

1604 

4 

5285 

4564 

—3 

7953 

79 

1.934 

0.5297 

2252 

6168 

4 

5281 

6690 

—3 

7874 

80 

1.935 

0.5301 

7534 

2858 

4 

5277 

8896 

—3 

7794 

77 

1.936 

0.5306 

2812 

1754 

4 

5274 

1179 

—3 

7717 

80 

1.937 

0.5310 

8086 

2933 

4 

5270 

3542 

—3 

7637 

78 

1.93S 

0.5315 

3356 

6475 

4 

5266 

5983 

—3 

7559 

78 

1.939 

0.5319 

8623 

2458 

4 

5262 

8502 

—3 

7481 

77 

1.940 

0.5324 

3886 

0960 

4 

5259 

1098 

—3 

7404 

79 

1.941 

0.5328 

9145 

2058 

4 

5255 

3773 

—3 

7325 

78 

1.942 

0.5333 

4400 

5831 

4 

5251 

6526 

—3 

7247 

77 

1.943 

0.5337 

9652 

2357 

4 

5247 

9356 

—3 

7170 

78 

1.944 

0.5342 

4900 

1713 

4 

5244 

2264 

—3 

7092 

76 

1.945 

0.5347 

0144 

3977 

4 

5240 

5248 

—3 

7016 

78 

1.946 

0.5351 

5384 

9225 

4 

5236 

8310 

—3 

6938 

77 

1.947 

0.5356 

0621 

7535 

4 

5233 

1449 

—3 

6861 

76 

1.94S 

0.5360 

5854 

8984 

4 

5229 

4664 

—3 

6785 

76 

1.949 

0.5365 

1084 

3648 

4 

5225 

7955 

—3 

6709 

78 

1.950 

0.5369 

6310 

1603 

4 

5222 

1324 

—3 

6631 

75 

1.951 

0.5374 

1532 

2927 

4 

5218 

4768 

—3 

6556 

76 

1.952 

0.5378 

6750 

7695 

4 

5214 

8288 

—3 

6480 

77 

1.953 

0.5383 

1965 

5983 

4 

5211 

1885 

—3 

6403 

75 

1.954 

0.5387 

7176 

7868 

4 

5207 

5557 

—3 

6328 

75 

1.955 

0.5392 

2384 

3425 

4 

5203 

9304 

—3 

6253 

76 

1.956 

0.5396 

7588 

2729 

4 

5200 

3127 

—3 

6177 

75 

1.957 

0.5401 

2788 

5856 

4 

5196 

7025 

—3 

6102 

76 

1.958 

0.5405 

7985 

2881 

4 

5193 

0999 

—3 

6026 

75 

1.959 

0.5410 

3178 

3880 

4 

5189 

5048 

—3 

5951 

73 

1.960 

0.5414 

8367 

8928 

4 

5185 

9170 

—3 

5878 

76 

1.961 

0.5419 

3553 

8098 

4 

5182 

3368 

—3 

5802 

73 

1.962 

0.5423 

8736 

1466 

—3 

5729 
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TABLE 

1  I.   LOGio 

SINH 

X — (Continued) 

X 

log  sinh 

X 

A. 

L 

A2 

Ag 

1.960 

0.5414 

8367 

8928 

4 

5185 

9170 

—3 

5878 

76 

1.961 

0.5419 

3553 

8098 

4 

5182 

3368 

—3 

5802 

73 

1.962 

0.5423 

8736 

1466 

4 

5178 

7639 

—3 

5729 

76 

1.963 

0.5428 

3914 

9105 

4 

5175 

1986 

—3 

5653 

74 

1.964 

0.5432 

9090 

1091 

4 

5171 

6407 

—3 

5579 

72 

1.965 

0.5437 

4261 

7498 

4 

5168 

0900 

—3 

5507 

75 

1.966 

0.5441 

9429 

8398 

4 

5164 

5468 

—3 

5432 

73 

1.967 

0.5446 

4594 

3866 

4 

5161 

0109 

—3 

5359 

75 

1.96S 

0.5450 

9755 

3975 

4 

5157 

4825 

—3 

5284 

72 

1.969 

0.5455 

4912 

8800 

4 

5153 

9613 

—3 

5212 

73 

1.970 

0.5460 

0066 

8413 

4 

5150 

4474 

—3 

5139 

74 

1.971 

0.5464 

5217 

2887 

4 

5146 

9409 

—3 

5065 

72 

1.972 

0.5469 

0364 

2296 

4 

5143 

4416 

—3 

4993 

73 

1.973 

0.5473 

5507 

6712 

4 

5139 

9496 

—3 

4920 

73 

1.974 

0.5478 

0647 

6208 

4 

5136 

4649 

—3 

4847 

72 

1.975 

0.5482 

5784 

0857 

4 

5132 

9874 

—3 

4775 

72 

1.976 

0.5487 

0917 

0731 

4 

5129 

5171 

—3 

4703 

73 

1.977 

0.5491 

6046 

5902 

4 

5126 

0541 

—3 

4630 

70 

1.978 

0.5496 

1172 

6443 

4 

5122 

5981 

—3 

4560 

73 

1.979 

0.5500 

6295 

2424 

4 

5119 

1494 

—3 

4487 

71 

1.980 

0.5505 

1414 

3918 

4 

5115 

7078 

—3 

4416 

71 

1.981 

0.5509 

6530 

0996 

4 

5112 

2733 

—3 

4345 

73 

1.982 

0.5514 

1642 

3729 

4 

5108 

8461 

— 3 

4272 

70 

1.983 

0.5518 

6751 

^2190 

4 

5105 

4259 

—3 

4202 

71 

1.984 

0.5523 

1856 

6449 

4 

5102 

0128 

—3 

4131 

71 

1.985 

0.5527 

6958 

6577 

4 

5098 

6068 

—3 

4060 

71 

1.986 

0.5532 

2057 

2645 

4 

5095 

2079 

—3 

3989 

70 

1.987 

0.5536 

7152 

4724 

4 

5091 

8160 

—3 

3919 

70 

1.988 

0.5541 

2244 

2884 

4 

5088 

4311 

—3 

3849 

71 

1.989 

0.5545 

7332 

7195 

4 

5085 

0533 

—3 

3778 

70 

1.990 

0.5550 

2417 

7728 

4 

5081 

6825 

—3 

3708 

69 

1.991 

0.5554 

7499 

4553 

4 

5078 

3186 

—3 

3639 

71 

1.992 

0.5559 

2577 

7739 

4 

5074 

9618 

~3 

3568 

69 

1.993 

0.5563 

7652 

7357 

4 

5071 

6119 

—3 

3499 

69 

1.994 

0.5568 

2724 

3476 

4 

5068 

2689 

—3 

3430 

70 

1.995 

0.5572 

7792 

6165 

4 

5064 

9329 

—3 

3360 

69 

1.996 

0.5577 

2857 

5494 

4 

5061 

6038 

—3 

3291 

69 

1.997 

0.5581 

7919 

1532 

4 

5058 

2816 

—3 

3222 

69 

1.998 

0.5586 

2977 

4348 

4 

5054 

9663 

—3 

3153 

68 

1.999 

0.5590 

8032 

4011 

4 

5051 

6578 

—3 

3085 

70 

2.000 

0.5595 

3084 

0589 

4 

5048 

3563 

—3 

3015 

67 

2.001 

0.5599 

8132 

4152 

4 

5045 

0615 

—3 

2948 

70 

2.002 

0.5604 

3177 

4767 

—3 

2878 
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TABLE 

I.   LOG 

10 

SINII 

X — (Concluded) 

X 

log  sinh  X 

A^ 

A, 

^. 

2.000 

0.5595 

3084 

0589 

4 

5048 

3563 

—3 

3015 

67 

2.001 

0.5599 

8132 

4152 

4 

5045 

0615 

—3 

2948 

70 

2.002 

0.5604 

3177 

4767 

4 

5041 

7737 

—3 

2878 

66 

2.003 

0.5608 

8219 

2504 

4 

5038 

4925 

—3 

2812 

69 

2.004 

0.5613 

3257 

7429 

4 

5035 

2182 

—3 

2743 

67 

2.005 

0.5617 

8292 

9611 

4 

5031 

9506 

—3 

2676 

69 

2.006 

0.5622 

3324 

9117 

4 

5028 

6899 

—3 

2607 

68 

2.007 

0.5626 

8353 

6016 

4 

5025 

4360 

—3 

2539 

66 

2.008 

0.5631 

3379 

0376 

4 

5022 

1887 

—3 

2473 

67 

2.009 

0.5635 

8401 

2263 

4 

5018 

9481 

—3 

2406 

68 

2.010 

0.5640 

3420 

1744 

4 

5015 

7143 

—3 

2338 

66 

2.011 

0.5644 

8435 

8887 

4 

5012 

4871 

—3 

2272 

69 

2.012 

0.5649 

3448 

3758 

4 

5009 

2668 

—3 

2203 

65 

2.013 

0.5653 

8457 

6426 

4 

5006 

0530 

—3 

2138 

66 

2.014 

0.5658 

3463 

6956 

4 

5002 

8458 

—3 

2072 

68 

2.015 

0.5662 

8466 

5414 

4 

4999 

6454 

—3 

2004 

65 

2.016 

0.5667 

3466 

1868 

4 

4996 

4515 

—3 

1939 

67 

2.017 

0.5671 

8462 

6383 

4 

4993 

2643 

—3 

1872 

2.018 

0.5676 

3455 

9026 
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TABLE  II. 

LOGio  COSH 

X 

X 

log  cosh  X 

K 

^2 

A3 

0.000 

0.0000  0000  0000 

21  7147 

0.001 

0.0000  0021  7147 

65  1441 

43  4294 

—   1 

0.002 

0.0000  0086  8588 

108  5734 

43  4293 

—  3 

0.003 

0.0000  0195  4322 

152  0024 

43  4290 

—  2 

0.004 

0.0000  0347  4346 

43  4288 

—  4 

195  4312 

0.005 

0.0000  0542  8658 

43  4284 

—  6 

238  8596 

0.006 

0.0000  0781  7254 

43  4278 

—  4 

282  2874 

0.007 

0.0000  1064  0128 

43  4274 

—  8 

325  7148 

0.008 

0.0000  1389  7276 

43  4266 

—  7 

369  1414 

0.009 

0.0000  1758  8690 

412  5673 

43  4259 

—  9 

0.010 

0.0000  2171  4363 

455  9923 

43  4250 

—  7 

0.011 

0.0000  2627  4286 

499  4166 

43  4243 

—11 

0.012 

0.0000  3126  8452 

542  8398 

43  4232 

—11 

0.013 

0.0000  3669  6850 

586  2619 

43  4221 

—12  . 

0.014 

0.0000  4255  9469 

629  6828 

43  4209 

—12 

0.015 

0.0000  4885  6297 

673  1025 

43  4197 

—14 

0.016 

0.0000  5558  7322 

716  5208 

43  4183 

—14 

0.017 

0.0000  6275  2530 

759  9377 

43  4169 

—15 

0.018 

O.OOdO  7035  1907 

803  3531 

43  4154 

—16 

0.019 

0.0000  7838  5438 

846  7669 

43  4138 

—18 

0.020 

0.0000  8685  3107 

43  4120 

—17 

890  1789 

0.021 

0.0000  9575  4896 

43  4103 

—19 

933  5892 

0.022 

0.0001  0509  0788 

976  9976 

43  4084 

—19 

0.023 

0.0001  1486  0764 

1020  4041 

43  4065 

—20 

0.024 

0.0001  2506  4805 

1063  8086 

43  4045 

—23 

0.025 

0.0001  3570  2891 

1107  2108 

43  4022 

—20 

0.026 

0.0001  4677  4999 

1150  6110 

43  4002 

—24 

0.027 

0.0001  5828  1109 

1194  0088 

43  3978 

—24 

0.028 

0.0001  7022  1197 

1237  4042 

43  3954 

—25 

0.029 

0.0001  8259  5239 

43  3929 

—26 

1280  7971 

0.030 

0.0001  9540  3210 

43  3903 

—25 

1324  1874 

0.031 

0.0002  0864  5084 

1367  5752 

43  3878 

—28 

0.032 

0.0002  2232  0836 

1410  9602 

43  3850 

—28 

0.033 

0.0002  3643  0438 

1454  3424 

43  3822 

—30 

0.034 

0.0002  5097  3862 

1497  7216 

43  3792 

—28 

0.035 

0.0002  6595  1078 

1541  0980 

43  3764 

—32 

0.036 

0.0002  8136  2058 

1584  4712 

43  3732 

—32 

0.037 

0.0002  9720  6770 

1627  8412 

43  3700 

—33 

0.038 

0.0003  1348  5182 

1671  2079 

43  3667 

—31 

0.039 

0.0003  3019  7261 

1714  5715 

43  3636 

—36 

0.040 

0.0003  4734  2976 

43  3600 

—36 

1757  9315 

0.041 

0.0003  6492  2291 

43  3564 

—34 

1801  2879 

0.042 

0.0003  8293  5170 

43  3530 
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TABLE 

II.  LOGio 

COSH 

x—{a 

ontiwu 

led) 

X 

log  cosh ; 

r 

Zi 

'1 

A, 

A:, 

0.040 

0.0003 

4734 

2976 

1757 

9315 

43 

3600 

—36 

0.041 

0.0003 

6492 

2291 

1801 

2879 

43 

3564 

—34 

0.042 

0.0003 

8293 

5170 

1844 

6409 

43 

3530 

—38 

0.043 

0.0004 

0138 

1579 

1887 

9901 

43 

3492 

—36 

0.044 

0.0004 

2026 

1480 

1931 

3357 

43 

3456 

—41 

0.045 

0.0004 

3957 

4837 

1974 

6772 

43 

3415 

—38 

0.046 

0.0004 

5932 

1609 

2018 

0149 

43 

3377 

—41 

0.047 

0.0004 

7950 

1758 

2061 

3485 

43 

3336 

—40 

0.048 

0.0005 

0011 

5243 

2104 

6781 

43 

3296 

—43 

0.049 

0.0005 

2116 

2024 

2148 

0034 

43 

3253 

—43 

0.050 

0.0005 

4264 

2058 

2191 

3244 

43 

3210 

42 

0.051 

0.0005 

6455 

5302 

2234 

6412 

43 

3168 

—46 

0.052 

0.0005 

8690 

1714 

2277 

9534 

43 

3122 

—46 

0.053 

0.0006 

0968 

1248 

2321 

2610 

43 

3076 

—46 

0.054 

0.0006 

3289 

3858 

2364 

5640 

43 

3030 

—45 

0.055 

0.0006 

5653 

9498 

2407 

8625 

43 

2985 

—51 

0.056 

0.0006 

8061 

8123 

2451 

1559 

43 

2934 

—47 

0.057 

0.0007 

0512 

9682 

2494 

4446 

43 

2887 

—50 

0.05S 

0.0007 

3007 

4128 

2537 

7283 

43 

2837 

—51 

0.059 

0.0007 

5545 

1411 

2581 

0069 

43 

2786 

—52 

0.060 

0.0007 

8126 

1480 

2624 

2803 

43 

2734 

—51 

0.061 

0.0008 

0750 

4283 

2667 

5486 

43 

2683 

—55 

0.062 

0.0008 

3417 

9769 

2710 

8114 

43 

2628 

—51 

0.063 

0.0008 

6128 

7883 

2754 

0691 

43 

2577 

—58 

0.064 

0.0008 

8882 

8574 

2797 

3210 

43 

2519 

—53 

0.065 

0.0009 

1680 

1784 

2840 

5676 

43 

2466 

—59 

0.066 

0.0009 

4520 

7460 

2883 

8083 

43 

2407 

—55 

0.067 

0.0009 

7404 

5543 

2927 

0435 

43 

2352 

—61 

0.068 

0.0010 

0331 

5978 

2970 

2726 

43 

2291 

—57 

0.069 

0.0010 

3301 

8704 

3013 

4960 

43 

2234 

—61 

0.070 

0.0010 

6315 

3664 

3056 

7133 

43 

2173 

—61 

0.071 

0.0010 

9372 

0797 

3099 

9245 

43 

2112 

—60 

0.072 

0.0011 

2472 

0042 

3143 

1297 

43 

2052 

—65 

0.073 

0.0011 

5615 

1339 

3186 

3284 

43 

1987 

—62 

0.074 

0.0011 

8801 

4623 

3229 

5209 

43- 

1925 

—63 

0.075 

0.0012 

2030 

9832 

3272 

7071 

43 

1862 

—68 

0.076 

0.0012 

5303 

6903 

3315 

8865 

43 

1794 

—63 

0.077 

0.0012 

8619 

5768 

3359 

0596 

43 

1731 

—69 

0.078 

0.0013 

1978 

6364 

3402 

2258 

43 

1662 

—67 

0.079 

0.0013 

5380 

8622 

3445 

3853 

43 

1595 

—68 

0.080 

0.0013 

8826 

2475 

3488 

5380 

43 

1527 

—69 

0.081 

0.0014 

2314 

7855 

3531 

6838 

43 

1458  ' 

—72 

0.082 

0.0014 

5846 

4693 

43 

1386 
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TABLE 

II.  LOGio 

COSH 

X—(Ci 

jntinu 

ed) 

X 

log 

',  cosh  X 

A 

1 

^2 

A3 

0.080 

0.0013 

8826 

2475 

3488 

5380 

43 

1527 

—69 

0.081 

0.0014 

2314 

7855 

3531 

6838 

43 

1458 

—72 

0.082 

0.0014 

5846 

4693 

3574 

8224 

43 

1386 

—68 

0.083 

0.0014 

9421 

2917 

3617 

9542 

43 

1318 

—74 

0.084 

0.0015 

3039 

2459 

3661 

0786 

43 

1244 

—73 

0.085 

0.0015 

6700 

3245 

3704 

1957 

43 

1171 

—74 

0.086 

0.0016 

0404 

5202 

3747 

3054 

43 

1097 

—71 

0.087 

0.0016 

4151 

8256 

3790 

4080 

43 

1026 

—79 

0.088 

0.0016 

7942 

2336 

3833 

5027 

43 

0947 

—74 

0.089 

0.0017 

1775 

7363 

3876 

5900 

43 

0873 

—77 

0.090 

0.0017 

5652 

3263 

3919 

6696 

43 

0796 

—79 

0.091 

0.0017 

9571 

9959 

3962 

7413 

43 

0717 

—78 

0.092 

0.0018 

3534 

7372 

4005 

8052 

43 

0639 

—79 

0.093 

0.0018 

7540 

5424 

4048 

8612 

43 

0560 

—80 

0.094 

0.0019 

1589 

4036 

4091 

9092 

43 

0480 

—82 

0.095 

0.0019 

5681 

3128 

4134 

9490 

43 

0398 

—81 

0.096 

0.0019 

9816 

2618 

4177 

9807 

43 

0317 

—84 

0.097 

0.0020 

3994 

2425 

4221 

0040 

43 

0233 

—84 

0.098 

0.0020 

8215 

2465 

4264 

0189 

43 

0149 

—82 

0.099 

0.0021 

2479 

2654 

4307 

0256 

43 

0067 

—88 

0.100 

0.0021 

6786 

2910 

4350 

0235 

42 

9979 

—83 

0.101 

0.0022 

1136 

3145 

4393 

0131 

42 

9896 

—90 

0.102 

0.0022 

5529 

3276 

4435 

9937 

42 

9806 

—86 

0.103 

0.0022 

9965 

3213 

4478 

9657 

42 

9720 

—90 

0.104 

0.0023 

4444 

2870 

4521 

9287 

42 

9630 

—88 

0.105 

0.0023 

8966 

2157 

4564 

8829 

42 

9542 

—92 

0.106 

0.0024 

3531 

0986 

4607 

8279 

42 

9450 

—89 

0.107 

0.0024 

8138 

9265 

4650 

7640 

42 

9361 

—94 

0.108 

0.0025 

2789 

6905 

4693 

6907 

42 

9267 

—90 

0.109 

0.0025 

7483 

3812 

4736 

6084 

42 

9177 

—97 

0.110 

0.0026 

2219 

9896 

4779 

5164 

42 

9080 

—93 

0.111 

0.0026 

6999 

5060 

4822 

4151 

42 

8987 

—94 

0.112 

0.0027 

1821 

9211 

4865 

3044 

42 

8893 

—99 

0.113 

0.0027 

6687 

2255 

4908 

1838 

42 

8794 

—94 

0.114 

0.0028 

1595 

4093 

4951 

0538 

42 

8700 

—99 

0.115 

0.0028 

6546 

4631 

4993 

9139 

42 

8601 

—99 

0.116 

0.0029 

1540 

3770 

5036 

7641 

42 

8502 

—99 

0.117 

0.0029 

6577 

1411 

5079 

6044 

42 

8403 

—99 

0.118 

0.0030 

1656 

7455 

5122 

4348 

42 

8304 

—102 

0.119 

0.0030 

6779 

1803 

5165 

2550 

42 

8202 

—102 

0.120 

0.0031 

1944 

4353 

5208 

0650 

42 

8100 

— 102 

0.121 

0.0031 

7152 

5003 

5250 

8648 

42 

7998 

—106 

0.122 

0.0032 

2403 

3651 

42 

7892 
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TABLE 

II.  LOGio 

COSH 

[  X — {Continued) 

X 

log  cosh 

X 

Ax 

A2 

A3 

0.120 

0.0031 

1944 

4353 

5208 

0650 

42 

8100 

—102 

0.121 

0.0031 

7152 

5003 

5250 

8648 

42 

7998 

—106 

0.122 

0.0032 

2403 

3651 

5293 

6540 

42 

7892 

—101 

0.123 

0.0032 

7697 

0191 

5336 

4331 

42 

7791 

—106 

0.124 

0.0033 

3033 

4522 

5379 

2016 

42 

7685 

—107 

0.125 

0.0033 

8412 

6538 

5421 

9594 

42 

7578 

—106 

0.126 

0.0034 

3834 

6132 

5464 

7066 

42 

7472 

-108 

0.127 

0.0034 

9299 

3198 

5507 

4430 

42 

7364 

—108 

0.128 

0.0035 

4806 

7628 

5550 

1686 

42 

7256 

—109 

0.129 

0.0036 

0356 

9314 

5592 

8833 

42 

7147 

—111 

0.130 

0.0036 

5949 

8147 

5635 

5869 

42 

7036 

—109 

0.131 

0.0037 

1585 

4016 

5678 

2796 

42 

6927 

—113 

0.132 

0.0037 

7263 

6812 

5720 

9610 

42 

6814 

—111 

0.133 

0.0038 

2984 

6422 

5763 

6313 

42 

6703 

—116 

0.134 

0.0038 

8748 

2735 

5806 

2900 

42 

6587 

—112 

0.135 

0.0039 

4554 

5635 

5848 

9375 

42 

6475 

—116 

0.136 

0.0040 

0403 

5010 

5891 

5734 

42 

6359 

—114 

0.137 

0.0040 

6295 

0744 

5934 

1979 

42 

6245 

—118 

0.138 

0.0041 

2229 

2723 

5976 

8106 

42 

6127 

—115 

0.139 

0.0041 

8206 

0829 

6019 

4118 

42 

6012 

—122 

0.140 

0.0042 

4225 

4947 

6062 

0008 

42 

5890 

—115 

0.141 

0.0043 

0287 

4955 

6104 

5783 

42 

5775 

—123 

0.142 

0.0043 

6392 

0738 

6147 

1435 

42 

5652 

—117 

0.143 

0.0044 

2539 

2173 

6189 

6970 

42 

5535 

—124 

0.144 

0.0044 

8728 

9143 

6232 

2381 

42 

5411 

—121 

0.145 

0.0045 

4961 

1524 

6274 

7671 

42 

5290 

—123 

0.146 

0.0046 

1235 

9195 

6317 

2838 

42 

5167 

—123 

0.147 

0.0046 

7553 

2033 

6359 

7882 

42 

5044 

—127 

0.148 

0.0047 

3912 

9915 

6402 

2799 

42 

4917 

—122 

0.149 

0.0048 

0315 

2714 

6444 

7594 

42 

4795 

—127 

0.150 

0.0048 

6760 

0308 

6487 

2262 

42 

4668 

—129 

0.151 

0.0049 

3247 

2570 

6529 

6801 

42 

4539 

—125 

0.152 

0.0049 

9776 

9371 

6572 

1215 

42 

4414 

—129 

0.153 

0.0050 

6349 

0586 

6614 

5500 

42 

4285 

—131 

0.154 

0.0051 

2963 

6086 

6656 

9654 

42 

4154 

—127 

0.155 

0.0051 

9620 

5740 

6699 

3681 

42 

4027 

—134 

0.156 

0.0052 

6319 

9421 

6741 

7574 

42 

3893 

—128 

0.157 

0.0053 

3061 

6995 

6784 

1339 

42 

3765 

—137 

0.158 

0.0053 

9845 

8334 

6826 

4967 

42 

3628 

—128 

0.159 

0.0054 

6672 

3301 

6868 

8467 

42 

3500 

—138 

0.160 

0.0055 

3541 

1768 

6911 

1829 

42 

3362 

—133 

0.161 

0.0056 

0452 

3597 

6953 

5058 

42 

3229 

—136 

0.162 

0.0056 

7405 

8655 

42 

3093 
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TABLE  II.    LOGio  COSH  X-{Continued) 


X 

0.160 

0.161 

0.162 

0.163 

0.164 

0.165 

0.166 

0.167 

0.168 

0.169 

0.170 

0.171 

0.172 

0.173 

0.174 

0.175 

0.176 

0.177 

0.178 

0.179 

0.180 

0.181 

0.182 

0.183 

0.184 

0.185 

0.186 

0.187 

0.188 

0.189 

0.190 

0.191 

0.192 

0.193 

0.194 

0.195 

0.196 

0.197 

0.198 

0.199 

0.200 

0.201 

0.202 


log  cosh  X 
0.0055  3541  1768 
0.0056  0452  3597 
0.0056  7405  8655 
0.0057  4401  6806 
0.0058  1439  7915 
0.0058  8520  1844 
0.0059  5642  8453 
0.0060  2807  7608 
0.0061  0014  9165 
0.0061  7264  2987 
0.0062  4555  8932 
0.0063  1889  6858 
0.0063  9265  6622 
0.0064  6683  8082 
0.0065  4144  1095 
0.0066  1646  5513 
0.0066  9191  1192 
0.0067  6777  7986 
0.0068  4406  5748 
0.0069  2077  4329 
0.0069  9790  3581 
0.0070  7545  3356 
0.0071  5342  ^3501 
0.0072  3181  3868 
0.0073  1062  4303 
0.0073  8985  4656 
0.0074  6950  4771 
0.0075  4957   4496 
0.0076  3006  3676 
0.0077   1097  2154 
0.0077  9229  9776 
0.0078  7404  6384 
0.0079  5621  1821 
0.0080  3879  5927 
0.0081  2179  8545 
0.0082  0521  9513 
0.0082  8905  8671 
0.0083  7331  5858 
0.0084  5799  0911 
0.0085  4308  3668 
0.0086  2859  3966 
0.0087  1452  1639 
0.0088  0086  6522 


6911  1829 
6953  5058 
6995  8151 
7038  1109 
7080  3929 
7122  6609 
7164  9155 
7207  1557 
7249  3822 
7291  5945 
7333  7926 
7375  9764 
7418  1460 
7460  3013 
7502  4418 
7544  5679 
7586  6794 
7628  7762 
7670  8581 
7712  9252 
7754  9775 
7797   0145 
7839  0367 
7881  0435 
7923  0353 
7965  0115 
8006  9725 
8048  9180 
8090  8478 
8132  7622 
8174  6608 
8216  5437 
8258  4106 
8300  2618 
8342  0968 
8383  9158 
8425  7187 
8467  5053 
8509  2757 
8551  0298 
8592  7673 
8634  4883 


42  3362 
42  3229 
42  3093 
42  2958 
42  2820 
42  2680 
42  2546 
42  2402 
42  2265 ' 
42  2123 
42  1981 
42  1838 
42  1696 
42  1553 
42  1405 
42  1261 
42  1115 
42  0968 
42  0819 
42  0671 
42  0523 
42  0370 
42  0222 
42  0068 
41  991S 
41  9762 
41  9610 
41  9455 
41  9298 
41  9144 
41  8986 
41  8829 
41  8669 
41  8512 
41  8350 
41  8190 
41  8029 
41  7866 
41  7704 
41  7541 
41  7375 
41  7210 
41  7045 


^3 

—133 

—136 

—135 

—138 

—140 

—134 

—144 

—137 

—142 

—142 

—143 

—142 

—143 

— 14S 

—144 

—146 

—147 

—149 

-148 

—148 

—153 

—148 

—154 

—150 

—156 

—152 

—155 

—157 

—154 

—158 

—157 

—160 

—157 

—162 

—160 

—161 

—163 

—162 

—163 

—166 

—165 

—165 


Vol.  1]  Pernot-Woods. — Logarithms  of  Hyperbolic  Fimctions  351 


TABLE 

II.  LOGio 

COSH 

X — (Continued) 

X 

log  cosh  , 

X 

Ai 

Ao 

A3 

0.200 

0.0086 

2859 

3966 

8592 

7673 

41 

7375 

—165 

0.201 

0.0087 

1452 

1639 

8634 

4883 

41 

7210 

—165 

0.202 

0.0088 

0086 

6522 

8676 

1928 

41 

7045 

—167 

0.203 

0.0088 

8762 

8450 

8717 

8806 

41 

6878 

—168 

0.204 

0.0089 

7480 

7256 

8759 

5516 

41 

6710 

—167 

0.205 

0.0090 

6240 

2772 

8801 

2059 

41 

6543 

—169 

0.206 

0.0091 

5041 

4831 

8842 

8433 

41 

6374 

—169 

0.207 

0.0092 

3884 

3264 

8884 

4638 

41 

6205 

—172 

0.208 

0.0093 

2768 

7902 

8926 

0671 

41 

6033 

—169 

0.209 

0.0094 

1694 

8573 

8967 

6535 

41 

5864 

—173 

0.210 

0.0095 

0662 

5108 

9009 

2226 

41 

5691 

—172 

0.211 

0.0095 

9671 

7334 

9050 

7745 

41 

5519 

—174 

0.212 

0.0096 

8722 

5079 

9092 

3090 

41 

5345 

—172 

0.213 

0.0097 

7814 

8169 

9133 

8263 

41 

5173 

—178 

0.214 

0.0098 

6948 

6432 

9175 

3258 

41 

4995 

—172 

0.215 

0.0099 

6123 

9690 

9216 

8081 

41 

4823 

—176 

0.216 

•  0.0100 

5340 

7771 

9258 

2728 

41 

4647 

—178 

0.217 

0.0101 

4599 

0499 

9299 

7197 

41 

4469 

—177 

0.218 

0.0102 

3898 

7696 

9341 

1489 

41 

4292 

—179 

0.219 

0.0103 

3239 

9185 

9382 

5602 

41 

4113 

—179 

0.220 

0.0104 

2622 

4787 

9423 

9536 

41 

3934 

—178 

0.221 

0.0105 

2046 

4323 

9465 

3292 

41 

3756 

-181 

0.222 

0.0106 

1511 

7615 

9506 

6867 

41 

3575 

-181 

0.223 

0.0107 

1018 

4482 

9548 

0261 

41 

3394 

—184 

0.224 

0.0108 

0566 

4743 

9589 

3471 

41 

3210 

—178 

0.225 

0.0109 

0155 

8214 

9630 

6503 

41 

3032 

—187 

0.226 

0.0109 

9786 

4717 

9671 

9348 

41 

2845 

—182 

0.227 

0.0110 

9458 

4065 

9713 

2011 

41 

2663 

—185 

0.228 

0.0111 

9171 

6076 

9754 

4489 

41 

2478 

—185 

0.229 

0.0112 

8926 

0565 

9795 

6782 

41 

2293 

—187 

0.230 

0.0113 

8721 

7347 

9836 

8888 

41 

2106 

—185 

0.231 

0.0114 

8558 

6235 

9878 

0809 

41 

1921 

—189 

0.232 

0.0115 

8436 

7044 

9919 

2541 

41 

1732 

—186 

0.233 

0.0116 

8355 

9585 

9960 

4087 

41 

1546 

—190 

0.234 

0.0117 

8316 

3672 

1 

0001 

5443 

41 

1356 

—190 

0.235 

0.0118 

8317 

9115 

1 

0042 

6609 

41 

1166 

—189 

0.236 

0.0119 

8360 

5724 

1 

0083 

7586 

41 

0977 

—192 

0.237 

0.0120 

8444 

3310 

1 

0124 

8371 

41 

0785 

—190 

0.238 

0.0121 

8569 

1681 

1 

0165 

8966 

41 

0595 

—193 

0.239 

0.0122 

8735 

0647 

1 

0206 

9368 

41 

0402 

—194 

0.240 

0.0123 

8942 

0015 

1 

0247 

9576 

41 

0208 

—191 

0.241 

0.0124 

9189 

9591 

1 

0288 

9593 

41 

0017 

—196 

0.242 

0.0125 

9478 

9184 

40 

9821 
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TABLE  II.     LOGio  COSH  X— (Continued) 


X 
0.240 
0.241 
0.242 
0.243 
0.244 
0.245 
0.246 
0.247 
0.24S 
0.249 
0.250 
0.251 
0.252 
0.253 
0.254 
0.255 
0.256 
0.257 
0.258 
0.259 
0.260 
0.261 
0.262 
0.263 
0.264 
0.265 
0.266 
0.267 
0.268 
0.269 
0.270 
0.271 
0.272 
0.273 
0.274 
0.275 
0.276 
0.277 
0.278 
0.279 
0.280 
0.281 
0.282 


log  cosh  X 
0.0123  8942  0015 
0.0124  9189  9591 
0.0125  9478  9184 
0.0126  9808  8598 
0.0128  0179  7639 
0.0129  0591  6110 
0.0130  1044  3817 
0.0131  1538  0560 
0.0132  2072  6144 
0.0133  2648  0370 
0.0134  3264  3038 
0.0135  3921  3950 
0.0136  4619  2905 
0.0137  5357  9702 
0.0138  6137  4139 
0.0139  6957  6014 
0.0140  7818  5124 
0.0141  8720  1265 
0.0142  9662  4234 
0.0144  0645  3824 
0.0145  1668  9831 
0.0146  2733  2048 
0.0147  3838  0269 
0.0148  4983  4285 
0.0149  6169  3889 
0.0150  7395  8872 
0,0151  8662  9023 
0.0152  9970  4134 
0.0154  1318  3993 
0.0155  2706  8388 
0.0156  4135  7108 
0.0157  5604  9940 
0.0158  7114  6670 
0.0159  8664  7085 
0.0161  0255  0969 
0.0162  1885  8108 
0.0163  3556  8285 
0.0164  5268  1284 
0.0165  7019  6888 
0.0166  8811  4879 
0.0168  0643  5038 
0.0169  2515  7147 
0.0170  4428  0985 


1 

1 
1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Ax 
0247  9576 
0288  9593 
0329  9414 
0370  9041 
0411  8471 
0452  7707 
0493  6743 
0534  5584 
0575  4226 
0616  2668 
0657  0912 
0697  8955 
0738  6797 
0779  4437 
0820  1875 
0860  9110 
0901  6141 
0942  2969 
0982  9590 
1023  6007 
1064  2217 
1104  8221 
1145  4016 
1185  9604 
1226  4983 
1267  0151 
1307  5111 
1347  9859 
1388  4395 
1428  8720 
1469  2832 
1509  6730 
1550  0415 
1590  3884 
1630  7139 
1671  0177 
1711  2999 
1751  5604 
1791  7991 
1832  0159 
1872  2109 
1912  3838 


41  0208 
41  0017 
40  9821 
40  9627 
40  9430 
40  9236 
40  9036 
40  8841 
40  8642 
40  8442 
40  8244 
40  8043 
40  7842 
40  7640 
40  7438 
40  7235 
40  7031 
40  6828 
40  6621 
40  6417 
40  6210 
40  6004 
40  5795 
40  5588 
40  5379 
40  5168 
40  4960 
40  4748 
40  4536 
40  4325 
40  4112 
40  3898 
40  3685 
40  3469 
40  3255 
40  3038 
40  2822 
40  2605 
40  2387 
40  2168 
40  1950 
40  1729 
40  1510 


—191 

—196 

—194 

—197 

—194 

—200 

—195 

—199 

—200 

—198 

—201 

—201 

—202 

—202 

—203 

—204 

—203 

—207 

—204 

—207 

—206 

—209 

—207 

—209 

—211 

—208 

—212 

—212 

—211 

—213 

—214 

—213 

—216 

— 214 

—217 

—216 

—217 

—218 

—219 

—218 

—221 

—219 
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TABLE 

II.  LOG 

^10 

COSH 

X — (Continued) 

X 

log  cosh  ; 

X 

A 

'1 

^2 

A3 

0.280 

0.0168 

0643 

5038 

1 

1872 

2109 

40 

1950 

—221 

0.2S1 

0.0169 

2515 

7147 

1 

1912 

3838 

40 

1729 

—219 

0.282 

0.0170 

4428 

0985 

1 

1952 

5348 

40 

1510 

—222 

0.283 

0.0171 

6380 

6333 

1 

1992 

6636 

40 

1288 

—221 

0.284 

0.0172 

8373 

2969 

1 

2032 

7703 

40 

1067 

—222 

0.285 

0.0174 

0406 

0672 

1 

2072 

8548 

40 

0845 

—223 

0.286 

0.0175 

2478 

9220 

1 

2112 

9170 

40 

0622 

—224 

0.287 

0.0176 

4591 

8390 

1 

2152 

9568 

40 

0398 

— 223 

0.288 

0.0177 

6744 

7958 

1 

2192 

9743 

40 

0175 

— 226 

0.289 

0.0178 

8937 

7701 

1 

2232 

9692 

39 

9949 

—224 

0.290 

0.0180 

1170 

7393 

1 

2272 

9417 

39 

9725 

— 226 

0.291 

0.0181 

3443 

6810 

1 

2312 

8916 

39 

9499 

—227 

0.292 

0.0182 

5756 

5726 

1 

2352 

8188 

39 

9272 

—228 

0.293 

0.0183 

8109 

3914 

1 

2392 

7232 

39 

9044 

—224 

0.294 

0.0185 

0502 

1146 

1 

2432 

6052 

39 

8820 

—233 

0.295 

0.0186 

2934 

7198 

1 

2472 

4639 

39 

8587 

—226 

0.296 

0.0187 

5407 

1837 

1 

2512 

3000 

39 

8361 

—230 

0.297 

0.0188 

7919 

4837 

1 

2552 

1131 

39 

8131 

—230 

0.298 

0.0190 

0471 

5968 

1 

2591 

9032 

39 

7901 

—231 

0.299 

0.0191 

3063 

5000 

1 

2631 

6702 

39 

7670 

—231 

0.300 

0.0192 

5695 

1702 

1 

2671 

4141 

39 

7439 

—232 

0.301 

0.0193 

8366 

5843 

1 

2711 

1348 

39 

7207 

— 232 

0.302 

0.0195 

1077 

7191 

1 

2750 

8323 

39 

6975 

—234 

0.303 

0.0196 

3S28 

5514 

1 

2790 

5064 

39 

6741 

—233 

0.304 

0.0197 

6619 

0578 

1 

2830 

1572 

39 

6508 

— 235 

0.305 

0.0198 

9449 

2150 

1 

2869 

7845 

39 

6273 

— 233 

0.306 

0.0200 

2318 

9995 

1 

2909 

3885 

39 

6040 

— 237 

0.307 

0.0201 

5228 

3880 

1 

2948 

9688 

39 

5803 

—235 

0.308 

0.0202 

8177 

3568 

1 

2988 

5256 

39 

5568 

—237 

0.309 

0.0204 

1165 

8824 

1 

3028 

0587 

39 

5331 

—237 

0.310 

0.0205 

4193 

9411 

1 

3067 

5681 

39 

5094 

—238 

0.311 

0.0206 

7261 

5092 

1 

3107 

0537 

39 

4856 

—238 

0.312 

0.0208 

0368 

5629 

1 

3146 

5155 

39 

4618 

—239 

0.313 

0.0209 

3515 

0784 

1 

3185 

9534 

39 

4379 

-238 

0.314 

0.0210 

6701 

0318 

1 

3225 

3675 

39 

4141 

—243 

0.315 

0.0211 

9926 

3993 

1 

3264 

7573 

39 

3898 

—237 

0.316 

0.0213 

3191 

1566 

1 

3304 

1234 

39 

3661 

—245 

0.317 

0.0214 

6495 

2800 

1 

3343 

4650 

39 

3416 

-238 

0.318 

0.0215 

9838 

7450 

1 

3382 

7828 

39 

3178 

— 244 

0.319 

0.0217 

3221 

5278 

1 

3422 

0762 

39 

2934 

— 243 

0.320 

0.0218 

6643 

6040 

1 

3461 

3453 

39 

2691 

— 242 

0.321 

0.0220 

0104 

9493 

1 

3500 

5902 

39 

2449 

— 246 

0.322 

0.0221 

3605 

5395 

39 

2203 

354 
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TABLE  II.  LOG 

10  COSH 

X—(C 

ontinue 

'd) 

X 

log 

cosh  X 

A: 

L 

.     ^2.. 

A3 

0.320 

0.0218 

6643 

6040 

1 

3461 

3453 

39 

2691 

—242 

0.321 

0.0220 

0104 

9493 

1 

3500 

5902 

39 

2449 

—246 

0.322 

0.0221 

3605 

5395 

39 

2203 

—243 

1 

3539 

8105 

0.323 

0.0222 

7145 

3500 

1 

3579 

0065 

39 

1960 

—245 

0.324 

0.0224 

0724 

3565 

1 

3618 

1780 

39 

1715 

—246 

0.325 

0.0225 

4342 

5345 

1 

3657 

3249 

39 

1469 

—247 

0.326 

0.0226 

7999 

8594 

1 

3696 

4471 

39 

1222 

—245 

0.327 

0.0228 

1696 

3065 

1 

3735 

5448 

39 

0977 

—248 

0.32S 

0.0229 

5431 

8513 

1 

3774 

6177 

39 

0729 

—249 

0.329 

0.0230 

9206 

4690 

1 

3813 

6657 

39 

0480 

—246 

0.330 

0.0232 

3020 

1347 

1 

3852 

6891 

39 

0234 

—250 

0.331 

0.0233 

6872 

8238 

1 

3891 

6875 

38 

9984 

—250 

0.332 

0.0235 

0764 

5113 

1 

3930 

6609 

38 

9734 

—249 

0.333 

0.0236 

4695 

1722 

1 

3969 

6094 

38 

9485 

—251 

0.334 

0.0237 

8664 

7816 

1 

4008 

5328 

38 

9234 

—251 

0.335 

0.0239 

2673 

3144 

1 

4047 

4311 

38 

8983 

—251 

0.336 

0.0240 

6720 

7455 

1 

4086 

3043 

38 

8732 

—252 

0.337 

0.0242 

0807 

0498 

1 

4125 

1523 

38 

8480 

—254 

0.338 

0.0243 

4932 

2021 

1 

4163 

9749 

38 

8226 

—252 

0.339 

0.0244 

9096 

1770 

1 

4202 

7723 

38 

7974 

—254 

0.340 

0.0246 

3298 

9493 

1 

4241 

5443 

38 

7720 

—253 

0.341 

0.0247 

7540 

4936 

1 

4280 

2910 

38 

7467 

—257 

0.342 

0.0249 

1820 

7846 

1 

4319 

0120 

38 

7210 

—254 

0.343 

0.0250 

6139 

7966 

38 

6956 

1 

4357 

7076 

— 256 

0.344 

0.0252 

0497 

504^2 

1 

4396 

3776 

38 

6700 

—256 

0.345 

0.0253 

4893 

8818 

1 

4435 

0220 

38 

6444 

—257 

0.346 

0.0254 

9328 

9038 

1 

4473 

6407 

38 

6187 

—257 

0.347 

0.0256 

3802 

5445 

1 

4512 

2337 

38 

5930 

—258 

0.34S 

0.0257 

8314 

7782 

1 

4550 

8009 

38 

5672 

—259 

0.349 

0.0259 

2865 

5791 

1 

4589 

3422 

38 

5413 

— 258 

0.350 

0.0260 

7454 

9213 

1 

4627 

8577 

38 

5155 

—260 

0.351 

0.0262 

2082 

7790 

1 

4666 

3472 

38 

4895 

—259 

0.352 

0.0263 

6749 

1262 

1 

4704 

8108 

38 

4636 

—262 

0.353 

0.0265 

1453 

9370 

1 

4743 

2482 

38 

4374 

—259 

0.354 

0.0266 

6197 

1852 

1 

4781 

6597 

38 

4115 

—262 

0.355 

0.0268 

0978 

8449 

1 

4820 

0450 

38 

3853 

—262 

0.356 

0.0269 

5798 

8899 

1 

4858 

4041 

38 

3591 

—264 

0.357 

0.0271 

0657 

2940 

1 

4896 

7368 

38 

3327 

—260 

0.35S 

0.0272 

5554 

0308 

1 

4935 

0435 

38 

3067 

—265 

0.359 

0.0274 

0489 

0743 

1 

4973 

3237 

38 

2802 

—264 

0.360 

0.0275 

5462 

3980 

1 

5011 

5775 

38 

2538 

—263 

0.361 

0.0277 

0473 

9755 

1 

5049 

8050 

38 

2275 

—267 

0.362 

0.0278 

5523 

7805 

38 

2008 
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TABLE 

II.  LOG 

ho 

COSH 

X— (Continued) 

X 

log  cosh  X 

h 

'1 

^2 

A. 

0.360 

0.0275 

5462 

3980 

1 

5011 

5775 

38 

2538 

—263 

0.361 

0.0277 

0473 

9755 

1 

5049 

8050 

38 

2275 

—267 

0.362 

0.0278 

5523 

7805 

1 

5088 

0058 

38 

2008 

—264 

0.363 

0.0280 

0611 

7863 

1 

5126 

1802 

38 

1744 

—265 

0.364 

0.0281 

5737 

9665 

1 

5164 

3281 

38 

1479 

—268 

0.365 

0.0283 

0902 

2946 

1 

5202 

4492 

38 

1211 

—267 

0.366 

0.0284 

6104 

7438 

1 

5240 

5436 

38 

0944 

—265 

0.367 

0.0286 

1345 

2874 

1 

5278 

6115 

38 

0679 

—269 

0.36S 

0.0287 

6623 

8989 

1 

5316 

6525 

38 

0410 

—269 

0.369 

0.0289 

1940 

5514 

1 

5354 

6666 

38 

0141 

—268 

0.370 

0.0290 

7295 

2180 

1 

5392 

6539 

37 

9873 

—269 

0.371 

0.0292 

2687 

8719 

1 

5430 

6143 

37 

9604 

—271 

0.372 

0.0293 

8118 

4862 

1 

5468 

5476 

37 

9333 

—268 

0.373 

0.0295 

3587 

0338 

1 

5506 

4541 

37 

9065 

—272 

0.374 

0.0296 

9093 

4879 

1 

554^ 

3334 

37 

8793 

—270 

0.375 

0.0298 

4637 

8213 

1 

5582 

1857 

37 

8523 

—273 

0.376 

0.0300 

0220 

0070 

1 

5620 

0107 

37 

8250 

—271 

0.377 

0.0301 

5840 

0177 

1 

5657 

8086 

37 

7979 

—272 

0.378 

0.0303 

1497 

8263 

1 

5695 

5793 

37 

7707 

—274 

0.379 

0.0304 

7193 

4056 

1 

5733 

3226 

37 

7433 

—273 

0.380 

0.0306 

2926 

7282 

1 

5771 

0386 

37 

7160 

—274 

0.381 

0.0307 

8697 

7668 

1 

5808 

7272 

37 

6886 

—274 

0.382 

0.0309 

4506 

4940 

1 

5846 

3884 

37 

6612 

—274 

0.383 

0.0311 

0352 

8824 

1 

5884 

0222 

37 

6338 

—276 

0.384 

0.0312 

6236 

9046 

1 

5921 

6284 

37 

6062 

—276 

0.385 

0.0314 

2158 

5330 

1 

5959 

2070 

37 

5786 

—275 

0.386 

0.0315 

8117 

7400 

1 

5996 

7581 

37 

5511 

—277 

0.387 

0.0317 

4114 

4981 

1 

6034 

2815 

37 

5234 

—278 

0.388 

0.0319 

0148 

7796 

1 

6071 

7771 

37 

4956 

—276 

0.389 

0.0320 

6220 

5567 

1 

6109 

2451 

37 

4680 

—279 

0.390 

0.0322 

2329 

8018 

1 

6146 

6852 

37 

4401 

—277 

0.391 

0.0323 

8476 

4870 

1 

6184 

0976 

37 

4124 

—280 

0.392 

0.0325 

4660 

5846 

1 

6221 

4820 

37 

3844 

—278 

0.393 

0.0327 

0882 

0666 

1 

6258 

8386 

37 

3566 

—281 

0.394 

0.0328 

7140 

9052 

1 

6296 

1671 

37 

3285 

—279 

0.395 

0.0330 

3437 

0723 

1 

6333 

4677 

37 

3006 

—281 

0.396 

0.0331 

9770 

5400 

1 

6370 

7402 

37 

2725 

—281 

0.397 

0.0333 

6141 

2802 

1 

6407 

9846 

37 

2444 

—280 

0.398 

0.0335 

2549 

2648 

1 

6445 

2010 

37 

2164 

—283 

0.399 

0.0336 

8994 

4658 

1 

6482 

3891 

37 

1881 

— 2S2 

0.400 

0.0338 

5476 

8549 

1 

6519 

5490 

37 

1599 

-282 

0.401 

0.0340 

1996 

4039 

1 

6556 

6807 

37 

1317 

—284 

0.402 

0.0341 

8553 

0846 

37 

1033 
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TABLE  II.     LOGio  COSH  X— (Continued) 


X 

log 

cosh  X 

A, 

L 

^ 

^2 

^3 

0.400 

0.0338 

5476  - 

8549 

1 

6519 

5490 

37 

1599 

—282 

0.401 

0.0340 

1996 

4039 

1 

6556 

6807 

37 

1317 

—284 

0.402 

0.0341 

8553 

0846 

1 

6593 

7840 

37 

1033 

—282 

0.403 

0.0343 

5146 

8686 

1 

6630 

8591 

37 

0751 

—285 

0.404 

0.0345 

1777 

7277 

1 

6667 

9057 

37 

0466 

—285 

0.405 

0.0346 

8445 

6334 

1 

6704 

9238 

37 

0181 

—283 

0.406 

0.0348 

5150 

5572 

1 

6741 

9136 

36 

9898 

—285 

0.407 

0.0350 

1892 

4708 

1 

6778 

8749 

36 

9613 

—287 

0.408 

0.0351 

8671 

3457 

1 

6815 

8075 

36 

9326 

—284 

0.409 

0.0353 

5487 

1532 

1 

6852 

7117 

36 

9042 

—288 

0.410 

0.0355 

2339 

8649 

1 

6889 

5871 

36 

8754 

—287 

0.411 

0.0356 

9229 

4520 

1 

6926 

4338 

36 

8467 

—285 

0.412 

0.0358 

6155 

8858 

1 

6963 

2520 

36 

8182 

—289 

0.413 

0.0360 

3119 

1378 

36 

7893 

—288 

1 

7000 

0413 

0.414 

0.0362 

0119 

1791 

1 

7036 

8018 

36 

7605 

—287 

0.415 

0.0363 

7155 

9809 

1 

7073 

5336 

36 

7318 

—290 

0.416 

0.0365 

4229 

5145 

1 

7110 

2364 

36 

7028 

—289 

0.417 

0.0367 

1339 

7509 

1 

7146 

9103 

36 

6739 

—288 

0.418 

0.0368 

8486 

6612 

1 

7183 

5554 

36 

6451 

—293 

0.419 

0.0370 

5670 

2166 

1 

7220 

1712 

36 

6158 

—286 

0.420 

0.0372 

2890 

3878 

1 

7256 

7584 

36 

5872 

—295 

0.421 

0.0374 

0147 

1462 

1 

7293 

3161 

36 

5577 

-287 

0.422 

0.0375 

7440 

4623 

1 

7329 

8451 

36 

5290 

—295 

0.423 

0.0377 

4770 

3074 

1 

7366 

3446 

36 

4995 

—289 

0.424 

0.0379 

2136 

6520 

1 

7402 

8152 

36 

4706 

— 294 

0.425 

0.0380 

9539 

4672 

1 

7439 

2564 

36 

4412 

—292 

0.426 

0.0382 

6978 

7236 

1 

7475 

6684 

36 

4120 

—292 

0.427 

0.0384 

4454 

3920 

1 

7512 

0512 

36 

3828 

—295 

0.428 

0.0386 

1966 

4432 

1 

7548 

4045 

36 

3533 

—293 

0.429 

0.0387 

9514 

8477 

1 

7584 

7285 

36 

3240 

—293 

0.430 

0.0389 

7099 

5762 

1 

7621 

0232 

36 

2947 

—295 

0.431 

0.0391 

4720 

5994 

1 

7657 

2884 

36 

2652 

—295 

0.432 

0.0393 

2377 

8878 

1 

7693 

5241 

36 

2357 

—296 

0.433 

0.0395 

0071 

4119 

1 

7729 

7302 

36 

2061 

—294 

0.434 

0.0396 

7801 

1421 

1 

7765 

9069 

36 

1767 

—296 

0.435 

0.0398 

5567 

0 190 

1 

7802 

0540 

36 

1471 

—297 

0.436 

0.0400 

3369 

1030 

1 

7838 

1714 

36 

1174 

— 297 

0.437 

0.0402 

1207 

2744 

1 

7874 

2591 

36 

0877 

—295 

0.438 

0.0403 

9081 

5335 

36 

0582 

—299 

1 

7910 

3173 

0.439 

0.0405 

6991 

8508 

1 

7946 

3456 

36 

0283 

—297 

0.440 

0.0407 

4938 

1964 

1 

7982 

3442 

35 

9986 

—298 

0.441 

0.0409 

2920 

5406 

1 

8018 

3130 

35 

9688 

—299 

0.442 

0.0411 

0938 

8536 

35 

9389 
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TABLE 

II.  LOGio 

COSH  X—(Co 

niinued) 

X 

lo 

g  cosh 

X 

Ax 

Ao 

A3 

0.440 

0.0407 

4938 

1964 

1 

7982 

3442 

35 

9986 

—298 

0.441 

0.0409 

2920 

5406 

1 

8018 

3130 

35 

9688 

—299 

0.442 

0.0411 

0938 

8536 

1 

8054 

2519 

35 

9389 

—297 

0.443 

0.0412 

8993 

1055 

1 

8090 

1611 

35 

9092 

—301 

0.444 

0.0414 

7083 

2666 

1 

8126 

0402 

35 

8791 

—297 

0.445 

0.0416 

5209 

3068 

1 

8161 

8896 

35 

8494 

—303 

0.446 

0.0418 

3371 

1964 

1 

8197 

7087 

35 

8191 

—297 

0.447 

0.0420 

1568 

9051 

1 

8233 

4981 

35 

7894 

—302 

0.44S 

0.0421 

9802 

4032 

1 

8269 

2573 

35 

7592 

—301 

0.449 

0.0423 

8071 

6605 

1 

8304 

9864 

35 

7291 

—300 

0.450 

0.0425 

6376 

6469 

1 

8340 

6855 

35 

6991 

—302 

0.451 

0.0427 

4717 

3324 

1 

8376 

3544 

35 

6689 

—301 

0.452 

0.0429 

3093 

6868 

1 

8411 

9932 

35 

6388 

—303 

0.453 

0.0431 

1505 

6800 

1 

8447 

6017 

55 

6085 

—302 

0.454 

0.0432 

9953 

2S17 

1 

8483 

1800 

35 

5783 

—303 

0.455 

0.0434 

8436 

4617 

1 

8518 

7280 

35 

5480 

—302 

0.456 

0.0436 

6955 

1897 

1 

8554 

2458 

35 

5178 

—305 

0.457 

0.0438 

5509 

4355 

1 

8589 

7331 

35 

4873 

—302 

0.45S 

0.0440 

4099 

1686 

1 

8625 

1902 

35 

4571 

—305 

0.459 

0.0442 

2724 

3588 

1 

8660 

6168 

35 

4266 

—304 

0.460 

0.0444 

1384 

9756 

1 

8696 

0130 

35 

3962 

—305 

0.461 

0.0446 

0080 

9886 

1 

8731 

3787 

35 

3657 

—305 

0.462 

0.0447 

8812 

3673 

1 

8766 

7139 

35 

3352 

—304 

0.463 

0.0449 

7579 

0812 

1 

8802 

0187 

35 

3048 

—307 

0.464 

0.0451 

6381 

0999 

1 

8837 

2928 

35 

2741 

—304 

0.465 

0.0453 

5218 

3927 

1 

8872 

5365 

35 

2437 

—309 

0.466 

0.0455 

4090 

9292 

1 

8907 

7493 

35 

2128 

—304 

0.467 

0.0457 

2998 

6785 

1 

8942 

9317 

35 

1824 

—308 

0.468 

0.0459 

1941 

6102 

1 

8978 

0833 

35 

1516 

—307 

0.469 

0.0461 

0919 

6935 

1 

9013 

2042 

35 

1209 

—307 

0.470 

0.0462 

9932 

8977 

1 

9048 

2944 

35 

0902 

—308 

0.471 

0.0464 

8981 

1921 

1 

9083 

3538 

35 

0594 

—308 

0.472 

0.0466 

8064 

5459 

1 

9118 

3824 

35 

0286 

—307 

0.473 

0.0468 

7182 

9283 

1 

9153 

3803 

34 

9979 

—311 

0.474 

0.0470 

6336 

3086 

1 

9188 

3471 

34 

9668 

—306 

0.475 

0.0472 

5524 

6557 

1 

9223 

2833 

34 

9362 

—312 

0.476 

0.0474 

4747 

9390 

1 

9258 

1883 

34 

9050 

—308 

0.477 

0.0476 

4006 

1273 

1 

9293 

0625 

34 

8742 

—309 

0.47S 

0.0478 

3299 

1898 

1 

9327 

9058 

34 

8433 

—311 

0.479 

0.0480 

2627 

0956 

1 

9362 

7180 

34 

8122 

—310 

0.480 

0.0482 

1989 

8136 

1 

9397 

4992 

34 

7812 

—311 

0.481 

0.0484 

1387 

3128 

1 

9432 

2493 

34 

7501 

—310 

0.482 

0.0486 

0819 

5621 

34 

7191 
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TABLE  11.     LOGio  COSH  X— {Continued) 


X 
0.480 
0.481 
0.482 
0.483 
0.484 
0.485 
0.486 
0.487 
0.488 
0.489 
0.490 
0.491 
0.492 
0.493 
0.494 
0.495 
0.496 
0.497 
0.498 
0.499 
0.500 
0.501 
0.502 
0.503 
0.504 
0.505 
0.506 
0.507 
0.508 
0.509 
0.510 
0.511 
0.512 
0.513 
0.514 
0.515 
0.516 
0.517 
0.518 
0.519 
0.520 
0.521 
0.522 


log  cosh  X 
0.04S2  1989  8136 
0.0484  1387  3128 
0.0486  0819  5621 
0.0488  0286  5305 
0.0489  9788  1868 
0.0491  9324  4999 
0.0493  8895  4387 
0.0495  8500  9719 
0.0497   8141  0683 
0.0499  7815  6967 
0.0501  7524  8258 
0.0503  7268  4244 
0.0505  7046  4610 
0.0507  6858  9043 
0.0509  6705  7229 
0.0511  6586  8856 
0.0513  6502  3607 
0.0515  6452  1169 
0.0517  6436  1226 
0.0519  6454  3465 
0.0521  6506  7568 
0.0523  6593  3222 
0.0525  6714  0110 
0.0527  6868  >7915 
0.0529  7057  6323 
0.0531  7280  5016 
0.0533  7537  3678 
0.0535  7828  1991 
0.0537  8152  9638 
0.0539  8511  6302 
0.0541  8904  1665 
0.0543  9330  5410 
0.0545  9790  7217 
0.0548  0284  6769 
0.0550  0812  3747 
0.0552  1373  7832 
0.0554  1968  8705 
0.0556  2597  6047 
0.0558  3259  9539 
0.0560  3955  8860 
0.0562  4685  3691 
0.0564  5448  3712 
0.0566  6244  8602 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


9397  4992 
9432  2493 
9466  9684 
9501  6563 
9536  3131 
9570  9388 
9605  5332 
9640  0964 
9674  6284 
9709  1291 
9743  5986 
9778  0366 
9812  4433 
9846  8186 
9881  1627 
9915  4751 
9949  7562 
9984  0057 
0018  2239 
0052  4103 
0086  5654 
0120  6888 
0154  7805 
0188  8408 
0222  8693 
0256  8662 
0290  8313 
0324  7647 
0358  6664 
0392  5363 
0426  3745 
0460  1807 
0493  9552 
0527  6978 
0561  4085 
0595  0873 
0628  7342 
0662  3492 
0695  9321 
0729  4831 
0763  0021 
0796  4890 


34  7812 
34  7501 
34  7191 
34  6879 
34  6568 
34  6257 
34  5944 
34  5632 
34  5320 
34  5007 
34  4695 
34  4380 
34  4067 
34  3753 
34  3441 
34  3124 
34  2811 
34  2495 
34  2182 
34  1864 
34  1551 
34  1234 
34  0917 
34  0603 
34  0285 
33  9969 
33  9651 
33  9334 
33  9017 
33  8699 
33  8382 
33  8062 
33  7745 
33  7426 
33  7107 
33  6788 
33  6469 
33  6150 
33  5829 
33  5510 
33  5190 
33  4869 
33  4548 


^3 

—311 

—310 

—312 

—311 

—311 

—313 

—312 

—312 

—313 

—312 

—315 

—313 

—314 

—312 

—317 

—313 

—316 

—313 

—318 

—313 

—317 

—317 

—314 

—318 

—316 

—318 

—317 

—317 

—318 

—317 

—320 

—317 

—319 

—319 

—319 

—319 

—319 

—321 

—319 

—320 

—321 

—321 
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TABLE 

ir.  LOGio 

COSH 

X-( 

Continued) 

X 

log  cosh  ; 

X 

Ax 

A, 

A3 

0.520 

0.0562 

4685 

3691 

2 

0763 

0021 

33 

5190 

—321 

0.521 

0.0564 

5448 

3712 

2 

0796 

4890 

33 

4869 

—321 

0.522 

0.0566 

6244 

8602 

2 

0829 

9438 

33 

4548 

—319 

0.523 

0.0568 

7074 

8040 

2 

0863 

3667 

33 

4229 

—322 

0.524 

0.0570 

7938 

1707 

2 

0896 

7574 

33 

3907 

—322 

0.525 

0.0572 

8834 

9281 

2 

0930 

1159 

33 

3585 

—320 

0.526 

0.0574 

9765 

0440 

2 

0963 

4424 

33 

3265 

—322 

0.527 

0.0577 

0728 

4864 

2 

0996 

7367 

33 

2943 

—322 

0.528 

0.0579 

1725 

2231 

2 

1029 

9988 

33 

2621 

—322 

0.529 

0.0581 

2755 

2219 

2 

1063 

2287 

33 

2299 

—322 

0.530 

0.0583 

3818 

4506 

2 

1096 

4264 

33 

1977 

—322 

0.531 

0.0585 

4914 

8770 

2 

1129 

5919 

33 

1655 

—323 

0.532 

0.0587 

6044 

4689 

2 

1162 

7251 

33 

1332 

—324 

0.533 

0.0589 

7207 

1940 

2 

1195 

8259 

33 

1008 

—320 

0.534 

0.0591 

8403 

0199 

2 

1228 

8947 

33 

0688 

—326 

0.535 

0.0593 

9631 

9146 

2 

1261 

9309 

33 

0362 

—322 

0.536 

0.0596 

0893 

8455 

2 

1294 

9349 

33 

0040 

—323 

0.537 

0.0598 

2188 

7804 

2 

1327 

9066 

32 

9717 

—325 

0.53S 

0.0600 

3516 

6870 

2 

1360 

8458 

32 

9392 

—322 

0.539 

0.0602 

4877 

5328 

2 

1393 

7528 

32 

9070 

—327 

0.540 

0.0604 

6271 

2856 

2 

1426 

6271 

32 

8743 

—321 

0.541 

0.0606 

7697 

9127 

2 

1459 

4693 

32 

8422 

—326 

0.542 

0.0608 

9157 

3820 

2 

1492 

2789 

32 

8096 

—325 

0.543 

0.0611 

0649 

6609 

2 

1525 

0560 

32 

7771 

—324 

0.544 

0.0613 

2174 

7169 

2 

1557 

8007 

32 

7447 

—325 

0.545 

0.0615 

3732 

5176 

2 

1590 

5129 

32 

7122 

—325 

0.546 

0.0617 

5323 

0305 

2 

1623 

1926 

32 

6797 

—326 

0.547 

0.0619 

6946 

2231 

2 

1655 

8397 

32 

6471 

—324 

0.548 

0.0621 

8602 

0628 

2 

1688 

4544 

32 

6147 

—327 

0.549 

0.0624 

0290 

5172 

2 

1721 

0364 

32 

5820 

—325 

0.550 

0.0626 

2011 

5536 

2 

1753 

5859 

32 

5495 

—326 

0.551 

0.0628 

3765 

1395 

2 

1786 

1028 

32 

5169 

—326 

0.552 

0.0630 

5551 

2423 

2 

1818 

5871 

32 

4843 

—327 

0.553 

0.0632 

7369 

8294 

2 

1851 

0387 

32 

4516 

—326 

0.554 

0.0634 

9220 

8681 

2 

1883 

4577 

32 

4190 

—325 

0.555 

0.0637 

1104 

3258 

2 

1915 

8442 

32 

3865 

—330 

0.556 

0.0639 

3020 

1700 

2 

1948 

1977 

32 

3535 

—323 

0.557 

0.0641 

4968 

3677 

2 

1980 

5189 

32 

3212 

—331 

0.558 

0.0643 

6948 

8866 

2 

2012 

8070 

32 

2881 

—323 

0.559 

0.0645 

8961 

6936 

2 

2045 

0628 

32 

2558 

—330 

0.560 

0.0648 

1006 

7564 

2 

2077 

2856 

32 

2228 

—327 

0.561 

0.0650 

3084 

0420 

2 

2109 

4757 

32 

1901 

—328 

0.562 

0.0652 

5193 

5177 

32 

1573 

360 


X 

0.560 

0.561 

0.562 

0.563 

0.564 

0.565 

0.566 

0.567 

0.568 

0.569 

0.570 

0.571 

0.572 

0.573 

0.574 

0.575 

0.576 

0.577 

0.578 

0.579 

0.580 

0.581 

0.582 

0.583 

0.584 

0.585 

0.586 

0.587 

0.588 

0.589 

0.590 

0.591 

0.592 

0.593 

0.594 

0.595 

0.596 

0.597 

0.598 

0.599 

0.600 

0.601 

0.602 
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TABLE  II.     LOGio 

log  cosli  X 


COSH  X — {Continued) 


0.0648  1006  7564 
0.0650  3084  0420 
0.0652  5193  5177 
0.0654  7335  1507 
0.0656  9508  9084 
0.0659  1714  7578 
0.0661  3952  6662 
0.0663  6222  6009 
0.0665  8524  5289 
0.0668  0858  4174 
0.0670  3224  2336 
0.0672  5621  9446 
0.0674  8051  5175 
0.0677   0512  9194 
0.0679  3006  1175 
0.0681  5531  0787 
0.0683  8087  7702 
0.0686  0676  1590 
0.0688  3296  2122 
0.0690  5947  8967 
0.0692  8631  1797 
0.0695  1346  0281 
0.0697  4092  4089 
0.0699  6870  ^2892 
0.0701  9679  6358 
0.0704  2520  4158 
0.0706  5392  5961 
0.0708  8296  1437 
0.0711  1231  0254 
0.0713  4197   2083 
0.0715  7194  6591 
0.0718  0223  3449 
0.0720  3283  2325 
0.0722  6374  28S8 
0.0724  9496  4806 
0.0727   2649  7749 
0.0729  5834  1385 
0.0731  9049  5382 
0.0734  2295  9408 
0.0736  5573  3133 
0.0738  8881  6224 
0.0741  2220  8349 
0.0743  5590  9177 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


2077   2856 
2109  4757 
2141  6330 
2173  7577 
2205  8494 
2237   9084 
2269  9347 
2301  9280 
2333  8885 
2365  8162 
2397  7110 
2429  5729 
2461  4019 
2493  1981 
2524  9612 
2556  6915 
2588  3888 
2620  0532 
2651  6845 
2683  2830 
2714  8484 
2746  3808 
2777   8803 
2809  3466 
2840  7800 
2872  1803 
2903  5476 
2934  8817 
2966  1829 
2997  4508 
3028  6858 
3059  8876 
3091  0563 
3122  1918 
3153  2943 
3184  3636 
3215  3997 
3246  4026 
3277   3725 
3308  3091 
3339  2125 
3370  0828 


32  2228 
32  1901 
32  1573 
32  1247 
32  0917 
32  0590 
32  0263 
31  9933 
31  9605 
31  9277 
31  8948 
31  8619 
31  8290 
31  7962 
31  7631 
31  7303 
31  6973 
31  6644 
31  6313 
31  5985 
31  5654 
31  5324 
31  4995 
31  4663 
31  4334 
31  4003 
31  3673 
31  3341 
31  3012 
31  2679 
31  2350 
31  2018 
31  1687 
31  1355 
31  1025 
31  0693 
31  0361 
31  0029 
30  9699 
30  9366 
30  9034 
30  8703 
30  8370 


^3 

—327 

—328 

— 326 

—330 

—327 

—327 

—330 

—328 

—328 

— 329 

— 329 

— 329 

—328 

—331 

—328 

—330 

—329 

—331 

—328 

—331 

— 330 

—329 

—332 

— 329 

—331 

—330 

—332 

— 329 

—333 

—329 

—332 

—331 

—332 

—330 

—332 

—332 

—332 

—330 

—333 

—332 

—331 

—333 
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TABLE 

11.  LOG 

10 

COSH 

A-(( 

Continued) 

1    T 

X 

log  cosh  X 

A 

■1 

A, 

A3 

0.600 

0.0738 

8881 

6224 

2 

3339 

2125 

30 

9034 

—331 

0.601 

0.0741 

2220 

8349 

2 

3370 

0828 

30 

8703 

—333 

0.602 

0.0743 

5590 

9177 

2 

3400 

9198 

30 

8370 

—332 

0.603 

0.0745 

8991 

8375 

2 

3431 

7236 

30 

8038 

—332 

0.604 

0.0748 

2423 

5611 

2 

3462 

4942 

30 

7706 

—332 

0.605 

0.0750 

5886 

0553 

2 

3493 

2316 

30 

7374 

—333 

0.606 

0.0752 

9379 

2869 

2 

3523 

9357 

30 

7041 

—333 

0.607 

0.0755 

2903 

2226 

2 

3554 

6065 

30 

6708 

—331 

0.60S 

0.0757 

6457 

8291 

2 

3585 

2442 

30 

6377 

—334 

0.609 

0.0760 

0043 

0733 

2 

3615 

8485 

30 

6043 

—331 

0.610 

0.0762 

3658 

9218 

2 

3646 

4197 

30 

5712 

—334 

0.611 

0.0764 

7305 

3415 

2 

3676 

9575 

30 

5378 

—333 

0.612 

0.0767 

0982 

2990 

2 

3707 

4620 

30 

5045 

—332 

0.613 

0.0769 

4689 

7610 

2 

3737 

9333 

30 

4713 

—333 

0.614 

0.0771 

8427 

6943 

2 

3768 

3713 

30 

4380 

—334 

0.615 

0.0774 

2196 

0656 

2 

3798 

7759 

30 

4046 

—332 

0.616 

0.0776 

5994 

8415 

2 

3829 

1473 

30 

3714 

—333 

0.617 

0.0778 

9823 

9888 

2 

3859 

4854 

30 

3381 

—333 

0.618 

0.0781 

3683 

4742 

2 

3889 

7902 

30 

3048 

—335 

0.619 

0.0783 

7573 

2644 

2 

3920 

0615 

30 

2713 

—331 

0.620 

0.0786 

1493 

3259 

2 

3950 

2997 

30 

2382 

—335 

0.621 

0.0788 

5443 

6256 

2 

3980 

5044 

30 

2047 

—332 

0.622 

0.0790 

9424 

1300 

2 

4010 

6759 

30 

1715 

—335 

0.623 

0.0793 

3434 

8059 

2 

4040 

8139 

30 

1380 

—332 

0.624 

0.0795 

7475 

6198 

2 

4070 

9187 

30 

1048 

—335 

0.625 

0.0798 

1546 

5385 

2 

4100 

9900 

30 

0713 

—332 

0.626 

0.0800 

5647 

5285 

2 

4131 

0281 

30 

0381 

—335 

0.627 

0.0802 

9778 

5566 

2 

4161 

0327 

30 

0046 

—333 

0.628 

0.0805 

3939 

5893 

2 

4191 

0040 

29 

9713 

—334 

0.629 

0.0807 

8130 

5933 

2 

4220 

9419 

29 

9379 

—333 

0.630 

0.0810 

2351 

5352 

2 

4250 

8465 

29 

9046 

—334 

0.631 

0.0812 

6602 

3817 

2 

4280 

7177 

29 

8712 

—334 

0.632 

0.0815 

0883 

0994 

2 

4310 

5555 

29 

8378 

—334 

0.633 

0.0817 

5193 

6549 

2 

4340 

3599 

29 

8044 

—334 

0.634 

0.0819 

9534 

0148 

2 

4370 

1309 

29 

7710 

—334 

0.635 

0.0822 

3904 

1457 

2 

4399 

8685 

29 

7376 

—333 

0.636 

0.0824 

8304 

0142 

2 

4429 

5728 

29 

7043 

—336 

0.637 

0.0827 

2733 

5870 

2 

4459 

2435 

29 

6707 

—332 

0.638 

0.0829 

7192 

8305 

2 

4488 

8810 

29 

6375 

—335 

0.639 

0.0832 

1681 

7115 

2 

4518 

4850 

29 

6040 

—334 

0.640 

0.0834 

6200 

1965 

2 

4548 

0556 

29 

5706 

—334 

0.641 

0.0837 

0748 

2521 

2 

4577 

5928 

29 

5372 

— 334 

0.642 

0.0839 

5325 

8449 

29 

5038 

362 


University  of  California  PuUioations       [Engineering 


TABLE  II.  LOG 

10  COSH 

X—(Co 

ntinued) 

X 

log  cosh  X 

Ai 

A2 

A3 

0.640 

0.0834  6200 

1965 

2  4548 

0556 

29  5706 

—334 

0.641 

0.0837  0748 

2521 

2  4577 

5928 

29  5372 

—334 

0.642 

0.0839  5325 

8449 

2  4607 

0966 

29  5038 

—335 

0.643 

0.0841  9932 

9415 

2  4636 

5669 

29  4703 

—333 

0.644 

0,0844  4569 

5084 

2  4666 

0039 

29  4370 

—335 

0.645 

0.0846  9235 

5123 

2  4695 

4074 

29  4035 

—333 

0.646 

0.0849  3930 

9197 

2  4724 

1116 

29  3702 

—336 

0.647 

0.0851  8655 

6973 

2  4754 

1142 

29  3366 

—333 

0.648 

0.0854  3409 

8115 

2  4783 

4175 

29  3033 

—334 

0.649 

0.0856  8193 

2290 

2  4812 

6874 

29  2699 

—335 

0.650 

0.0859  3005 

9164 

2  4841 

9238 

29  2364 

—334 

0.651 

0.0861  7847 

8402 

2  4871 

1268 

29  2030 

—334 

0.652 

0.0864  2718 

9670 

2  4900 

2964 

29  1696 

—335 

0.653 

0.0866  7619 

2634 

2  4929 

4325 

29  1361 

—334 

0.654 

0.0869  2548 

6959 

2  4958 

5352 

29  1027 

—334 

0.655 

0.0871  7507 

2311 

2  4987 

6045 

29  0693 

—335 

0.656 

0.0874  2494 

8356 

2  5016 

6403 

29  0358 

—333 

0.657 

0.0876  7511 

4759 

2  5045 

6428 

29  0025 

—336 

0.65S 

0.0879  2557 

1187 

2  5074 

6117 

28  9689 

—334 

0.659 

0.0881  7631 

7304 

2  5103 

5472 

28  9355 

—333 

0.660 

0.0884  2735 

2776 

2  5132 

4494 

28  9022 

—335 

0.661 

0.0886  7867 

7270 

2  5161 

3181 

28  8687 

—335 

0.662 

0.0889  3029 

0451 

2  5190 

1533 

28  8352 

—334 

0.663 

0.0891  8219 

1984 

2  5218 

9551 

28  8018 

—334 

0.664 

0.0894  3438 

1535 

2  5247 

7235 

28  7684 

—334 

0.665 

0.0896  8685 

8770 

2  5276 

4585 

28  7350 

—335 

0.666 

0.0899  3962 

3355 

2  5305 

1600 

28  7015 

—334 

0.667 

0.0901  9267 

4955 

2  5333 

8281 

28  6681 

—334 

0.66S 

0.0904  4601 

3236 

2  5362 

4628 

28  6347 

—335 

0.669 

0.0906  9963 

7864 

2  5391 

0640 

28  6012 

—334 

0.670 

0.0909  5354 

8504 

2  5419 

6318 

28  5678 

—333 

0.671 

0.0912  0774 

4822 

2  5448 

1663 

28  5345 

—336 

0.672 

0.0914  6222 

6485 

2  5476 

6672 

28  5009 

—332 

0.673 

0.0917  1699 

3157 

2  5505 

3  349 

28  4677 

—337 

0.674 

0.0919  7204 

4506 

2  5533 

5689 

28  4340 

—332 

0.675 

0.0922  2738 

0195 

2  5561 

9697 

28  4008 

—335 

0.676 

0.0924  8299 

9892 

2  5590 

3370 

28  3673 

—334 

0.677 

0.0927  3890 

3262 

2  5618 

6709 

28  3339 

—333 

0.678 

0.0929  9508 

9971 

2  5646 

9715 

28  3006 

—336 

0.^79 

0.0932  5155 

9686 

2  5675 

2385 

28  2670 

—333 

0.680 

0.0935  0831 

2071 

2  5703 

4722 

28  2337 

—334 

Hl\- 

0.0937  6534 

6793 

2  5731 

6725 

28  2003 

—333 

0.682 

0.0940  2266 

3518 

28  1670 
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TABLE 

II.  LOGio 

COSH 

.  X — {Continued) 

X 

l0| 

gcosh 

X 

Ai 

^2 

A3 

0.680 

0.0935 

0831 

2071 

2 

5703 

^122 

28 

2337 

—334 

0.681 

0.0937 

6534 

6793 

2 

5731 

6725 

28 

2003 

—333 

0.682 

0.0940 

2266 

3518 

2 

5759 

8395 

28 

1670 

—336 

0.683 

0.0942 

8026 

1913 

2 

5787 

9729 

28 

1334 

—333 

0.684 

0.0945 

3814 

1642 

2 

5816 

0730 

28 

1001 

—333 

0.685 

0.0947 

9630 

2372 

2 

5844 

1398 

28 

0668 

—336 

0.686 

0.0950 

5474 

3770 

2 

5872 

1730 

28 

0332 

—331 

0.687 

0.0953 

1346 

5500 

2 

5900 

1731 

28 

0001 

—336 

0.688 

0.0955 

7246 

7231 

2 

5928 

1396 

27 

9665 

—333 

0.689 

0.0958 

3174 

8627 

2 

5956 

0728 

27 

9332 

—333 

0.690 

0.0960 

9130 

9355 

2 

5983 

9727 

27 

8999 

—335 

0.691 

0.0963 

5114 

9082 

2 

6011 

8391 

27 

8664 

—332 

0.692 

0.0966 

1126 

7473 

2 

6039 

6723 

27 

8332 

—336 

0.693 

0.0968 

7166 

4196 

2 

6067 

4719 

27 

7996 

—330 

0.694 

0.0971 

3233 

8915 

2 

6095 

2385 

27 

7666 

—337 

0.695 

0.0973 

9329 

1300 

2 

6122 

9714 

27 

7329 

—331 

0.696 

0.0976 

5452 

1014 

2 

6150 

6712 

27 

6998 

—335 

0.697 

0.0979 

1602 

7726 

2 

6178 

3375 

27 

6663 

—332 

0.698 

0.0981 

7781 

1101 

2 

6205 

9706 

27 

6331 

—333 

0.699 

0.0984 

3987 

0807 

2 

6233 

5704 

27 

5998 

—336 

0.700 

0.0987 

0220 

6511 

2 

6261 

1366 

27 

5662 

—330 

0.701 

0.0989 

6481 

7877 

2 

6288 

6698 

27 

5332 

—334 

0.702 

0.0992 

2770 

4575 

2 

6316 

1696 

27 

4998 

—334 

0.703 

0.0994 

9086 

6271 

2 

6343 

6360 

27 

4664 

—332 

0.704 

0.0997 

5430 

2631 

2 

6371 

0692 

27 

4332 

—334 

0.705 

0.1000 

1801 

3323 

2 

6398 

4690 

27 

3998 

—333 

0.706 

0.1002 

8199 

8013 

2 

6425 

8355 

27 

3665 

—331 

0.707 

0.1005 

4625 

6368 

2 

6453 

1689 

27 

3334 

—334 

0.708 

0.1008 

1078 

8057 

2 

6480 

4689 

27 

3000 

—333 

0.709 

0.1010 

7559 

2746 

2 

6507 

7356 

27 

2667 

—333 

0.710 

0.1013 

4067 

0102 

2 

6534 

9690 

27 

2334 

—331 

0.711 

0.1016 

0601 

9792 

2 

6562 

1693 

27 

2003 

—334 

0.712 

O.IOIS 

7164 

1485 

2 

6589 

3362 

27 

1669 

—331 

0.713 

0.1021 

3753 

4847 

2 

6616 

4700 

27 

1338 

—334 

0.714 

0.1024 

0369 

9547 

2 

6643 

5704 

27 

1004 

—331 

0.715 

0.1026 

7013 

5251 

2 

6670 

6377 

27 

0673 

—334 

0.716 

0.1029 

3684 

1628 

2 

6697 

6716 

27 

0339 

—330 

0.717 

0.1032 

0381 

8344 

2 

6724 

6725 

27 

0009 

—333 

0.718 

0.1034 

7106 

5069 

2 

6751 

6401 

26 

9676 

—332 

0.719 

0.1037 

3858 

1470 

2 

6778 

5745 

26 

9344 

—332 

0.720 

0.1040 

0636 

7215 

2 

6805 

4757 

26 

9012 

—333 

0.721 

0.1042 

7442 

1972 

2 

6832 

3436 

26 

8679 

—330 

0.722 

0.1045 

4274 

5408 

26 

8349 

364 


University  of  California  PuUications       [Engineering 
TABLE  II.     LOGio  COSH  X— {Continued) 


X 

log 

cosh  X 

Ai 

Ao 

As 

0.720 

0.1040 

0636 

7215 

2  6805 

4757 

26  9012 

—333 

0.721 

0.1042 

7442 

1972 

2  6832 

3436 

26  8679 

—330 

0.722 

0.1045 

4274 

5408 

2  6859 

1785 

26  8349 

—332 

0.723 

0.104S 

1133 

7193 

2  6885 

9802 

26  8017 

—333 

0.724 

0.1050 

8019 

6995 

2  6912 

7486 

26  7684 

—329 

0.725 

0.1053 

4932 

4481 

2  6939 

4841 

26  7355 

—335 

0.726 

0.1056 

1871 

9322 

2  6966 

1861 

26  7020 

-328 

0.727 

0.1058 

8838 

1183 

2  6992 

8553 

26  6692 

—333 

0.72S 

0.1061 

5830 

9736 

2  7019 

4912 

26  6359 

—332 

0.729 

0.1064 

2850 

4648 

2  7046 

0939 

26  6027 

—329 

0.730 

0.1066 

9896 

5587 

2  7072 

6637 

26  5698 

—333 

0.731 

0.1069 

6969 

2224 

2  7099 

2002 

26  5365 

—330 

0.732 

0.1072 

4068 

4226 

2  7125 

7037 

26  5035 

—331 

0.733 

0.1075 

1194 

1263 

2  7152 

1741 

26  4704 

—331 

0.734 

0.1077 

8346 

3004 

2  7178 

6114 

26  4373 

—330 

0.735 

0.1080 

5524 

9118 

2  7205 

0157 

26  4043 

—331 

0.736 

0.1083 

2729 

9275 

2  7231 

3869 

26  3712 

—331 

0.737 

0.1085 

9961 

3144 

2  7257 

7250 

26  3381 

—330 

0.738 

0.1088 

7219 

0394 

2  7284 

0301 

26  3051 

—331 

0.739 

0.1091 

4503 

0695 

2  7310 

3021 

26  2720 

—329 

0.740 

0.1094 

1813 

3716 

2  7336 

5412 

26  2391 

—330 

0.741 

0.1096 

9149 

9128 

2  7362 

7473 

26  2061 

—331 

0.742 

0.1099 

6512 

6601 

2  7388 

9203 

26  1730 

—330 

0.743 

0.1102 

3901 

5804 

2  7415 

0603 

26  1400 

—329 

0.744 

0.1105 

1316 

6407 

2  7441 

1674 

26  1071 

—331 

0.745 

0.1107 

8757 

8081 

2  7467 

2414 

26  0740 

-328 

0.746 

0.1110 

6225 

0495 

26  0412 

—330 

2  7493 

2826 

0.747 

0.1113 

3718 

3321 

2  7519 

2908 

26  0082 

—330 

0.748 

0.1116 

1237 

6229 

2  7545 

2660 

25  9752 

—329 

0.749 

0.1118 

8782 

8889 

2  7571 

2083 

25  9423 

—328 

0.750 

0.1121 

6354 

0972 

2  7597 

1178 

25  9095 

—331 

0.751 

0.1124 

3951 

2150 

2  7622 

9942 

25  8764 

—328 

0.752 

0.1127 

1574 

2092 

2  7648 

8378 

25  8436 

—329 

0.753 

0.1129 

9223 

0470 

25  8107 

-328 

2  7674 

6485 

0.754 

0.1132 

6897 

6955 

25  7779 

—330 

2  7700 

4264 

0.755 

0.1135 

4598 

1219 

2  7726 

1713 

25  7449 

—328 

0.756 

0.1138 

2324 

2932 

2  7751 

8834 

25  7121 

—328 

0.757 

0.1141 

0076 

1766 

2  7777 

5627 

25  6793 

—328 

0.758 

0.1143 

7853 

7393 

2  7803 

2092 

25  6465 

—329 

0.759 

0.1146 

5656 

9485 

2  7828 

8228 

25  6136 

—328 

0.760 

0.1149 

3485 

7713 

2  7854 

4036 

25  5808 

—327 

0.761 

0.1152 

1340 

1749 

2  7879 

9517 

25  5481 

—329 

0.762 

0.1154 

9220 

1266 

25  5152 
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TABLE 

II.  LOGio 

COSH 

X — (Continued) 

X 

log  cosh 

X 

A, 

A, 

A3 

0.760 

0.1149 

3485 

7713 

2 

7854 

4036 

25 

5808 

—327 

0.761 

0.1152 

1340 

1749 

2 

7879 

9517 

25 

5481 

—329 

0.762 

0.1154 

9220 

1266 

2 

7905 

4669 

25 

5152 

—327 

0.763 

0.1157 

7125 

5935 

2 

7930 

9494 

25 

4825 

—328 

0.764 

0.1160 

5056 

5429 

2 

7956 

3991 

25 

4497 

—327 

0.765 

0.1163 

3012 

9420 

2 

7981 

8161 

25 

4170 

—327 

0.766 

0.1166 

0994 

7581 

2 

8007 

2004 

25 

3843 

—328 

0.767 

0.1168 

9001 

9585 

2 

8032 

5519 

25 

3515 

—326 

0.768 

0.1171 

7034 

5104 

2 

8057 

8708 

25 

3189 

—329 

0.769 

0.1174 

5092 

3812 

2 

8083 

1568 

25 

2860 

—324 

0.770 

0.1177 

3175 

5380 

2 

8108 

4104 

25 

2536 

—329 

0.771 

0.1180 

1283 

9484 

2 

8133 

6311 

25 

2207 

—325 

0.772 

0.1182 

9417 

5795 

2 

8158 

8193 

25 

1882 

—328 

0.773 

0.1185 

7576 

3988 

2 

8183 

9747 

25 

1554 

—325 

0.774 

0.1188 

5760 

3735 

2 

8209 

0976 

25 

1229 

—326 

0.775 

0.1191 

3969 

4711 

2 

8234 

1879 

25 

0903 

—327 

0.776 

0.1194 

2203 

6590 

2 

8259 

2455 

25 

0576 

—325 

0.777 

0.1197 

0462 

9045 

2 

8284 

2706 

25 

0251 

—327 

0.778 

0.1199 

8747 

1751 

2 

8309 

2630 

24 

9924 

—324 

0.779 

0.1202 

7056 

4381 

2 

8334 

2230 

24 

9600 

—327 

0.780 

0.1205 

5390 

6611 

2 

8359 

1503 

24 

9273 

—324 

0.781 

0.1208 

3749 

8114 

2 

8384 

0452 

24 

8949 

—326 

0.782 

0.1211 

2133 

8566 

2 

8408 

9075 

24 

8623 

—325 

0.783 

0.1214 

0542 

7641 

2 

8433 

7373 

24 

8298 

—325 

0.784 

0.1216 

8976 

5014 

2 

8458 

5346 

24 

7973 

—324 

0.785 

0.1219 

7435 

0360 

2 

8483 

2995 

24 

7649 

—325 

0.786 

0.1222 

5918 

3355 

2 

8508 

0319 

24 

7324 

—325 

0.787 

0.1225 

4426 

3674 

2 

8532 

7318 

24 

6999 

—325 

0.788 

0.1228 

2959 

0992 

2 

8557 

3992 

24 

6674 

—322 

0.789 

0.1231 

1516 

4984 

2 

8582 

0344 

24 

6352 

—325 

0.790 

0.1234 

0098 

5328 

2 

8606 

6371 

24 

6027 

—325 

0.791 

0.1236 

8705 

1699 

2 

8631 

2073 

24 

5702 

—323 

0.792 

0.1239 

7336 

3772 

2 

8655 

7452 

24 

5379 

—322 

0.793 

0.1242 

5992 

1224 

2 

8680 

2509 

24 

5057 

—326 

0.794 

0.1245 

4672 

3733 

2 

8704 

7240 

24 

4731 

—322 

0.795 

0.1248 

3377 

0973 

2 

8729 

1649 

24 

4409 

—324 

0.796 

0.1251 

2106 

2622 

2 

8753 

5734 

24 

4085 

—322 

0.797 

0.1254 

0859 

8356 

2 

8777 

9497 

24 

3763 

—323 

0.798 

0.1256 

9637 

7853 

2 

8802 

2937 

24 

3440 

—323 

0.799 

0.1259 

8440 

0790 

2 

8826 

6054 

24 

3117 

—322 

0.800 

0.1262 

7266 

6844 

2 

8850 

8849 

24 

2795 

—323 

0.801 

0.1265 

6117 

5693 

2 

8875 

1321 

24 

2472 

—323 

0.802 

0.1268 

4992 

7014 

24 

2149 

366 


University  of  California  PuUications       [Engineering 
TABLE  II.     LOGio  COSH  X—(Coniinued) 


X 

log  cosh  X 

Ai 

As 

A3 

0.800 

0.1262  7266  6844 

2  8850  8849 

24  2795 

—323 

0.801 

0.1265  6117  5693 

2  8875  1321 

24  2472 

—323 

0.802 

0.1268  4992  7014 

2  8899  3470 

24  2149 

—320 

0.803 

0.1271  3892  0484 

2  8923  5299 

24  1829 

—323 

0.804 

0.1274  2815  5783 

2  8947  6805 

24  1506 

— 322 

0.805 

0.1277  1763  2588 

2  8971  7989 

24  1184 

—321 

0.806 

0.1280  0735  0577 

2  8995  8852 

24  0863 

—322 

0.807 

0.1282  9730  9429 

2  9019  9393 

24  0541 

—321 

0.808 

0.1285  8750  8822 

2  9043  9613 

24  0220 

—320 

0.809 

0.1288  7794  8435 

2  9067  9513 

23  9900 

—323 

0.810 

0.1291  6862  7948 

2  9091  9090 

23  9577 

—319 

0.811 

0.1294  5954  7038 

2  9115  8348 

23  9258 

—322 

0.812 

0.1297  5070  5386 

2  9139  7284 

23  8936 

—319 

0.813 

0.1300  4210  2670 

2  9163  5901 

23  8617 

—321 

0.814 

0.1303  3373  8571 

2  9187  4197 

23  8296 

—320 

0.815 

0.1306  2561  2768 

2  9211  2173 

23  7976 

— 320 

0.816 

0.1309  1772  4941 

2  9234  9829 

23  7656 

—320 

0.817 

0.1312  1007  4770 

2  9258  7165 

23  7336 

—318 

0.818 

0.1315  0266  1935 

2  9282  4183 

23  7018 

—322 

0.819 

0.1317  9548  6118 

23  6696 

-318 

2  9306  0879 

0.820 

0.1320  8854  6997 

2  9329  7257 

23  6378 

—318 

0.821 

0.1323  8184  4254 

2  9353  3317 

23  6060 

—320 

0.822 

0.1326  7537  7571 

2  9376  9057 

23  5740 

—319 

0.823 

0.1329  6914  6628 

2  9400  4478 

23  5421 

-318 

0.824 

0.1332  6315  1106 

2  9423  9581 

23  5103 

—318 

0.825 

0.1335  5739  0687 

2  9447  4366 

23  4785 

—319 

0.826 

0.1338  5186  5053 

2  9470  8832 

23  4466 

—318 

0.827 

0.1341  4657  3885 

2  9494  2980 

23  4148 

—317 

0.828 

0.1344  4151  6865 

2  9517  6811 

23  3831 

—318 

0.829 

0.1347  3669  3676 

2  9541  0324 

23  3513 

—317 

0.830 

0.1350  3210  4000 

2  9564  3520 

23  3196 

—319 

0.831 

0.1353  2774  7520 

2  9587  6397 

23  2877 

—315 

0.832 

0.1356  2362  3917 

2  9610  8959 

23  2562 

—318 

0.833 

0.1359  1973  2876 

2  9634  3203 

23  2244 

—317 

0.834 

0.1362  1607  4079 

2  9657  3130 

23  1927 

—316 

0.835 

0.1365  1264  7209 

23  1611 

—316 

2  9680  4741 

0.836 

0.1368  0945  1950 

2  9703  6036 

23  1295 

—317 

0.837 

0.1371  0648  7986 

2  9726  7014 

23  0978 

—315 

0.838 

0.1374  0375  5000 

2  9749  7677 

23  0663 

—317 

0.839 

0.1377  0125  2677 

2  9772  8023 

23  0346 

—315 

0.840 

0.1379  9898  0700 

2  9795  8054 

23  0031 

—315 

0.841 

0.1382  9693  8754 

2  9818  7770 

22  9716 

—316 

0.842 

0.1385  9512  6524 

22  9400 
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TABLE 

II.   LOGio 

COSH 

X — (Continued) 

X 

log  cosh 

X 

Ai 

^■> 

A.s 

0.840 

0.1379 

9898 

0700 

2 

9795 

8054 

23 

0031 

—315 

0.841 

0.1382 

9693 

8754 

2 

9818 

7770 

22 

9716 

—316 

0.842 

0.1385 

9512 

6524 

2 

9841 

7170 

22 

9400 

—314 

0.843 

0.1388 

9354 

3694 

2 

9864 

6256 

22 

9086 

—316 

0.844 

0.1391 

9218 

9950 

2 

9887 

5026 

22 

8770 

—314 

0.845 

0.1394 

9106 

4976 

2 

9910 

3482 

22 

8456 

—315 

0.846 

0.1397 

9016 

8458 

2 

9933 

1623 

22 

8141 

—314 

0.847 

0.1400 

8950 

0081 

2 

9955 

9450 

22 

7827 

—314 

0.848 

0.1403 

8905 

9531 

2 

9978 

6963 

22 

7513 

—313 

0.849 

0.1406 

8884 

6494 

3 

0001 

4163 

22 

7200 

—316 

0.850 

0.1409 

8886 

0657 

3 

0024 

1047 

22 

6884 

— 311 

0.851 

0.1412 

8910 

1704 

3 

0046 

7620 

22 

6573 

—314 

0.852 

0.1415 

8956 

9324 

3 

0069 

3879 

22 

6259 

—314 

0.853 

0.1418 

9026 

3203 

3 

0091 

9824 

22 

5945 

—313 

0.854 

0.1421 

9118 

3027 

3 

0114 

5456 

22 

5632 

—311 

0.855 

0.1424 

9232 

8483 

3 

0137 

0777 

22 

5321 

—314 

0.856 

0.1427 

9369 

9260 

3 

0159 

5784 

22 

5007 

—312 

0.857 

0.1430 

9529 

5044 

3 

0182 

0479 

22 

4695 

—311 

0.858 

0.1433 

9711 

5523 

3 

0204 

4863 

22 

4384 

—314 

0.859 

0.1436 

9916 

0386 

3 

0226 

8933 

22 

4070 

—310 

0.860 

0.1440 

0142 

9319 

3 

0249 

2693 

22 

3760 

—312 

0.861 

0.1443 

0392 

2012 

3 

0271 

6141 

22 

3448 

—311 

0.862 

0.1446 

0663 

8153 

3 

0293 

9278 

22 

3137 

—312 

0.863 

0.1449 

0957 

7431 

3 

0316 

2103 

22 

2825 

—310 

0.864 

0.1452 

1273 

9534 

3 

0338 

4618 

22 

2515 

—311 

0.865 

0.1455 

1612 

4152 

3 

0360 

6822 

22 

2204 

—310 

0.866 

0.1458 

1973 

0974 

3 

0382 

8716 

22 

1894 

—311 

0.867 

0.1461 

2355 

9690 

3 

0405 

0299 

22 

1583 

— 309 

0.868 

0.1464 

2760 

9989 

3 

0427 

1573 

22 

1274 

—311 

0.869 

0.1467 

3188 

1562 

3 

0449 

2536 

22 

0963 

—309 

0.870 

0.1470 

3637 

4098 

3 

0471 

3190 

22 

0654 

—309 

0.871 

0.1473 

4108 

7288 

3 

0493 

3535 

22 

0345 

—310 

0.872 

0.1476 

4602 

0823 

3 

0515 

3570 

22 

0035 

—309 

0.873 

0.1479 

5117 

4393 

3 

0537 

3296 

21 

9726 

—308 

0.874 

0.1482 

5654 

7689 

3 

0559 

2714 

21 

9418 

—309 

0.875 

0.1485 

6214 

0403 

3 

0581 

1823 

21 

9109 

—309 

0.876 

0.1488 

6795 

2226 

3 

0603 

0623 

21 

8800 

—307 

0.877 

0.1491 

7398 

2849 

3 

0624 

9116 

21 

8493 

—309 

0.878 

0.1494 

8023 

1965 

3 

0646 

7300 

21 

8184 

—307 

0.879 

0.1497 

8669 

9265 

3 

0668 

5177 

21 

7877 

-308 

0.880 

0.1500 

9338 

4442 

3 

0690 

2746 

21 

7569 

—307 

0.881 

0.1504 

0028 

7188 

3 

0712 

0008 

21 

7262 

— 307 

0.882 

0.1507 

0740 

7196 

21 

6955 
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TABLE  II.  LOG 

10  COSH  X— {Continued) 

X 

log  cosh  X 

Ai 

A. 

As 

O.SSO 

0.1500  9338  4442 

3  0690  2746 

21  7569 

—307 

0.S81 

0.1504  0028  7188 

3  0712  0008 

21  7262 

—307 

0.882 

0.1507   0740  7196 

3  0733  6963 

21  6955 

—306 

0.883 

0.1510  1474  4159 

3  0755  3612 

21  6649 

—309 

0.884 

0.1513  2229  7771 

3  0776  9952 

21  6340 

—304 

0.885 

0.1516  3006  7723 

3  0798  5988 

21  6036 

— 308   ' 

0.886 

0.1519  3805  3711 

3  0820  1716 

21  5728 

—304 

0.887 

0.1522  4625  5427 

3  0841  7140 

21  5424 

—307 

0.888 

0.1525  5467  2567 

3  0863  2257 

21  5117 

—306 

0.889 

0.1528  6330  4824 

3  0884  7068 

21  4811 

—305 

0.890 

0.1531  7215  1892 

3  0906  1574 

21  4506 

— 304 

0.891 

0.1534  8121  3466 

3  0927  5776 

21  4202 

—306 

0.892 

0.1537  9048  9242 

3  0948  9672 

21  3896 

—304 

0.893 

0.1540  9997  8914 

3  0970  3264 

21  3592 

—305 

0.894 

0.1544  0968  2178 

3  0991  6551 

21  3287 

—304 

0.895 

0.1547  1959  8729 

3  1012  9534 

21  2983 

—304 

0.896 

0.1550  2972  8263 

3  1034  2213 

21  2679 

—303 

0.897 

0.1553  4007   0476 

3  1055  4589 

21  2376 

—304 

0.898 

0.1556  5062  5065 

3  1076  6661 

21  2072 

—304 

0.899 

0.1559  6139  1726 

3  1097   8429 

21  1768 

—302 

0.900 

0.1562  7237   0155 

3  1118  9895 

21  1466 

—304 

0.901 

0.1565  8356  0050 

3  1140  1057 

21  1162 

—302 

0.902 

0.1568  9496  1107 

3  1161  1917 

21  0860 

—301 

0.903 

0.1572  0657  3024 

3  1182  2476 

21  0559 

—304 

0.904 

0.1575  1839  5500 

3  1203  2731 

21  0255 

—302 

0.905 

0.1578  3042  8231 

3  1224  2684 

20  9953 

—300 

0.906 

0.1581  4267  0915 

3  1245  2337 

20  9653 

—303 

0.907 

0.1584  5512  3252 

3  1266  1687 

20  9350 

—301 

0.908 

0.1587  6778  4939 

3  1287   0736 

20  9049 

—300 

0.909 

0.1590  8065  5675 

3  1307  9485 

20  8749 

—301 

0.910 

0.1593  9373  5160 

3  1328  7933 

20  8448 

—302 

0.911 

0.1597  0702  3093 

3  1349  6079 

20  8146 

—299 

0.912 

0.1600  2051  9172 

3  1370  3926 

20  7847 

—300 

0.913 

0.1603  3422  3098 

3  1391  1473 

20  7547 

—300 

0.914 

0.1606  4813  4571 

3  1411  8720 

20  7247 

—299 

0.915 

0.1609  6225  3291 

3  1432  5668 

20  6948 

—301 

0.916 

0.1612  7657  8959 

3  1453  2315 

20  6647 

—298 

0.917 

0.1615  9111  1274 

3  1473  8664 

20  6349 

—299 

0.918 

0.1619  0584  9938 

3  1494  4714 

20  6050 

—298 

0.919 

0.1622  2079  4652 

3  1515  0466 

20  5752 

—300 

0.920 

0.1625  3594  5118 

3  1535  5918 

20  5452 

—296 

0.921 

0.1628  5130  1036 

3  1556  1074 

20  5156 

—300 

0.922 

0.1631  6686  2110 

20  4856 
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TABLE 

II.   LOG 

^10 

COSH 

X — (Coniinucd) 

X 

log  cosh ; 

V 

A 

■1 

^2 

A3 

0.920 

0.1625 

3594 

5118 

3 

1535 

5918 

20 

5452 

—296 

0.921 

0.1628 

5130 

1036 

3 

1556 

1074 

20 

5156 

—300 

0.922 

0.1631 

6686 

2110 

3 

1576 

5930 

20 

4856 

—297 

0.923 

0.1634 

8262 

8040 

3 

1597 

0489 

20 

4559 

—297 

0.924 

0.1637 

9859 

8529 

3 

1617 

4751 

20 

4262 

—297 

0.925 

0.1641 

1477 

3280 

3 

1637 

8716 

20 

3965 

—297 

0.926 

0.1644 

3115 

1996 

3 

1658 

2384 

20 

3668 

—298 

0.927 

0.1647 

4773 

4380 

3 

1678 

5754 

20 

3370 

—295 

0.92S 

0.1650 

6452 

0134 

3 

1698 

8829 

20 

3075 

—297 

0.929 

0.1653 

8150 

8963 

3 

1719 

1607 

20 

2778 

—296 

0.930 

0.1656 

9870 

0570  ' 

3 

1739 

4089 

20 

2482 

—295 

0.931 

0.1660 

1609 

4659 

3 

1759 

6276 

20 

2187 

—296 

0.932 

0.1663 

3369 

0935 

3 

1779 

8167 

20 

1891 

—296 

0.933 

0.1666 

5148 

9102 

3 

1799 

9762 

20 

1595 

—293 

0.934 

0.1669 

6948 

8864 

3 

1820 

1064 

20 

1302 

—297 

0.935 

0.1672 

8768 

9928 

3 

1840 

2069 

20 

1005 

—293 

0.936 

0.1676 

0609 

1997 

3 

1860 

2781 

20 

0712 

—295 

0.937 

0.1679 

2469 

4778 

3 

1880 

3198 

20 

0417 

—294 

0.93S 

0.1682 

4349 

7976 

3 

1900 

3321 

20 

0123 

—293 

0.939 

0.1685 

6250 

1297 

3 

1920 

3151 

19 

9830 

—295 

0.940 

0.1688 

8170 

4448 

3 

1940 

2686 

19 

9535 

—292 

0.941 

0.1692 

0110 

7134 

3 

1960 

1929 

19 

9243 

—293 

0.942 

0.1695 

2070 

9063 

3 

1980 

0879 

19 

8950 

—294 

0.943 

0.1698 

4050 

9942 

3 

1999 

9535 

19 

8656 

—291 

0.944 

0.1701 

6050 

9477 

3 

2019 

7900 

19 

8365 

—294 

0.945 

0.1704 

8070 

7377 

3 

2039 

5971 

19 

8071 

—290 

0.946 

0.1708 

0110 

3348 

3 

2059 

3752 

19 

7781 

—294 

0.947 

0.1711 

2169 

7100 

3 

2079 

1239 

19 

7487 

—289 

0.948 

0.1714 

4248 

8339 

3 

2098 

8437 

19 

7198 

—294 

0.949 

0.1717 

6347 

6776 

3 

2118 

5341 

19 

6904 

—289 

0.950 

0.1720 

8466 

2117 

3 

2138 

1956 

19 

6615 

—292 

0.951 

0.1724 

0604 

4073 

3 

2157 

8279 

19 

6323 

—290 

0.952 

0.1727 

2762 

2352 

3 

2177 

4312 

19 

6033 

—290 

0.953 

0.1730 

4939 

6664 

3 

2197 

0055 

19 

5743 

—291 

0.954 

0.1733 

7136 

6719 

3 

2216 

5507 

19 

5452 

—289 

0.955 

0.1736 

9353 

2226 

3 

2236 

0670 

19 

5163 

—289 

0.956 

0.1740 

1589 

2896 

3 

2255 

5544 

19 

4874 

—290 

0.957 

0.1743 

3844 

8440 

3 

2275 

0128 

19 

4584 

—289 

0.95S 

0.1746 

6119 

8568 

3 

2294 

4423 

19 

4295 

—289 

0.959 

0.1749 

8414 

2991 

3 

2313 

8429 

19 

4006 

—287 

0.960 

0.1753 

0728 

1420 

3 

2333 

2148 

19 

3719 

—291 

0.961 

0.1756 

3061 

3568 

3 

2352 

5576 

19 

3428 

—285 

0.962 

0.1759 

5413 

9144 

19 

3143 
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TABLE  : 

II.   LOG 

10  ' 

COSH  X— (Continued) 

X 

log 

; cosh  X 

A 

1 

A^ 

A3 

0.960 

0.1753 

0728 

1420 

3 

2333 

2148 

19 

3719 

—291 

0.961 

0.1756 

3061 

3568 

3 

2352 

5576 

19 

3428 

—285 

0.962 

0.1759 

5413 

9144 

3 

2371 

8719 

19 

3143 

—289 

0.963 

0.1762 

7785 

7863 

3 

2391 

1573 

19 

2854 

-288 

0.964 

0.1766 

0176 

9436 

3 

2410 

4139 

19 

2566 

—286 

0.965 

0.1769 

2587 

3575 

3 

2429 

6419 

19 

2280 

—288 

0.966 

0.1772 

5016 

9994 

3 

2448 

8411 

19 

1992 

—286 

0967 

0.1775 

7465 

8405 

3 

2468 

0117 

19 

1706 

—287 

0.968 

0.1778 

9933 

8522 

3 

2487 

1536 

19 

1419 

—285 

0.969 

0.1782 

2421 

0058 

3 

2506 

2670 

19 

1134 

-288 

0.970 

0.1785 

4927 

2728 

3 

2525 

3516 

19 

0846 

—284 

0.971 

0.1788 

7452 

6244 

3 

2544 

4078 

19 

0562 

-286 

0.972 

0.1791 

9997 

0322 

3 

2563 

4354 

19 

0276 

—284 

0.973 

0.1795 

2560 

4676 

3 

2582 

4346 

18 

9992 

—287 

0.974 

0.1798 

5142 

9022 

3 

2601 

4051 

18 

9705 

—283 

0.975 

0.1801 

7744 

3073 

3 

2620 

3473 

18 

9422 

—285 

0.976 

0.1805 

0364 

6546 

3 

2639 

2610 

18 

9137 

—283 

0.977 

0.1808 

3003 

9156 

3 

2658 

1464 

18 

8854 

—286 

0.978 

0.1811 

5662 

0620 

3 

2677 

0032 

18 

8568 

—281 

0.979 

0.1814 

8339 

0652 

3 

2695 

8319 

18 

8287 

—285 

0.980 

0.1818 

1034 

8971 

3 

2714 

6321 

18 

8002 

—283 

0.981 

0.1821 

3749 

5292 

3 

2733 

4040 

IS 

7719 

— 281 

0.982 

0.1824 

6482 

9332 

3 

2752 

1478 

18 

7438 

—285 

0.983 

0.1827 

9235 

0810 

18 

7153 

> 

3 

2770 

8631 

— 280 

0.984 

0.1831 

2005 

9441 

3 

2789 

5504 

18 

6873 

—284 

0.985 

0.1834 

4795 

4945 

3 

2808 

2093 

18 

6589 

—280 

0.986 

0.1837 

7603 

7038 

3 

2826 

8402 

18 

6309 

—282 

0.987 

0.1841 

0430 

5440 

3 

2845 

4429 

18 

6027 

—281 

0.988 

0.1844 

3275 

9869 

3 

2864 

0175 

18 

5746 

—282 

0.989 

0.1847 

6140 

0044 

3 

2882 

5639 

18 

5464 

—280 

0.990 

0.1850 

9022 

5683 

3 

2901 

0823 

18 

5184 

—279 

0.991 

0.1854 

1923 

6506 

3 

2919 

5728 

18 

4905 

— 282 

0.992 

0.1857 

4843 

2234 

3 

2938 

0351 

18 

4623 

—279 

0.993 

0.1860 

7781 

2585 

3 

2956 

4695 

18 

4344 

—280 

0.994 

0.1864 

0737 

7280 

3 

2974 

8759 

18 

4064 

—279 

0.995 

0.1867 

3712 

6039 

3 

2993 

2544 

18 

3785 

-278 

0.996 

0.1870 

6705 

8583 

3 

3011 

6051 

18 

3507 

—281 

0.997 

0.1873 

9717 

4634 

3 

3029 

9277 

18 

3226 

—277 

0.998 

0.1877 

2747 

3911 

3 

3048 

2226 

18 

2949 

—278 

0.999 

0.1880 

5795 

6137 

3 

3066 

4897 

18 

2671 

—279 

1.000 

0.1883 

8862 

1034 

3 

3084 

7289 

18 

2392 

—276 

1.001 

0.1887 

1946 

8323 

3 

3102 

9405 

18 

2116 

—280 

1.002 

0.1890 

5049 

7728 

18 

1836 
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TABLE 

II.   LOGio 

COSH 

X—(Coi 

itinued) 

X 

lo. 

;::  cosh 

:r 

Ai 

^2 

A3 

1.000 

0.1883 

8862 

1034 

3 

3084 

7289 

18 

2392 

—276 

1.001 

0.1887 

1946 

8323 

3 

3102 

9405 

18 

2116 

—280 

1.002 

0.1890 

5049 

7728 

3 

3121 

1241 

18 

1836 

—275 

1.003 

0.1893 

8170 

8969 

3 

3139 

2802 

18 

1561 

—277 

1.004 

0.1897 

1310 

1771 

3 

3157 

4086 

18 

1284 

—278 

1.005 

0.1900 

4467 

5857 

3 

3175 

5092 

18 

1006 

—275 

1.006 

0.1903 

7643 

0949 

3 

3193 

5823 

18 

0731 

—277 

1.007 

0.1907 

0836 

6772 

3 

3211 

6277 

18 

0454 

—275 

1.008 

0.1910 

4048 

3049 

3 

3229 

6456 

18 

0179 

—276 

1.009 

0.1913 

7277 

9505 

3 

3247 

6359 

17 

9903 

—275 

1.010 

0.1917 

0525 

5864 

3 

3265 

5987 

17 

9628 

—274 

1.011 

0.1920 

3791 

1851 

3 

3283 

5341 

17 

9354 

—277 

1.012 

0.1923 

7074 

7192 

3 

3301 

4418 

17 

9077 

—273 

1.013 

0.1927 

0376 

1610 

3 

3319 

3222 

17 

8804 

—274 

1.014 

0.1930 

3695 

4832 

3 

3337 

1752 

17 

8530 

—274 

1.015 

0.1933 

7032 

6584 

3 

3355 

0008 

17 

8256 

—274 

1.016 

0.1937 

0387 

6592 

3 

3372 

7990 

17 

7982 

—273 

1.017 

0.1940 

3760 

4582 

3 

3390 

5699 

17 

7709 

—274 

I.OIS 

0.1943 

7151 

0281 

3 

3408 

3134 

17 

7435 

—271 

1.019 

0.1947 

0559 

3415 

3 

3426 

0298 

17 

7164 

—274 

1.020 

0.1950 

3985 

3713 

3 

3443 

7188 

17 

6890 

—271 

1.021 

0.1953 

7429 

0901 

3 

3461 

3807 

17 

6619 

—274 

1.022 

0.1957 

0890 

4708 

3 

3479 

0152 

17 

6345 

—269 

1.023 

0.1960 

4369 

4860 

3 

3496 

6228 

17 

6076 

—273 

1.024 

0.1963 

7866 

1088 

3 

3514 

2031 

17 

5803 

—271 

1.025 

0.1967 

1380 

3119 

3 

3531 

7563 

17 

5532 

—270 

1.026 

0.1970 

4912 

0682 

3 

3549 

2825 

17 

5262 

— 272 

1.027 

0.1973 

8461 

3507 

3 

3566 

7815 

17 

4990 

—269 

1.028 

0.1977 

2028 

1322 

3 

3584 

2536 

17 

4721 

—270 

1.029 

0.1980 

5612 

3858 

3 

3601 

6987 

17 

4451 

—271 

1.030 

0.1983 

9214 

0845 

3 

3619 

1167 

17 

4180 

—269 

1.031 

0.1987 

2833 

2012 

3 

3636 

5078 

17 

3911 

—269 

1.032 

0.1990 

6469 

7090 

3 

3653 

8720 

17 

3642 

—269 

1.033 

0.1994 

0123 

5810 

3 

3671 

2093 

17 

3373 

—268 

1.034 

0.1997 

3794 

7903 

3 

3688 

5198 

17 

3105 

—269 

1.035 

0.2000 

7483 

3101 

3 

3705 

8034 

17 

2836 

-268 

1.036 

0.2004 

1189 

1135 

3 

3723 

0602 

17 

2568 

—267 

1.037 

0.2007 

4912 

1737 

3 

3740 

2903 

17 

2301 

—269 

1.038 

0.2010 

8652 

4640 

3 

3757 

4935 

17 

2032 

—266 

1.039 

0.2014 

2409 

9575 

3 

3774 

6701 

17 

1766 

—267 

1.040 

0.2017 

6184 

6276 

3 

3791 

8200 

17 

1499 

—268 

1.041 

0.2020 

9976 

4476 

3 

3808 

9431 

17 

1231 

—265 

1.042 

0.2024 

3785 

3907 

17 

0966 
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TABLE  II.  LOG 

10  COSH  X—(Co} 

itinued) 

X 

log 

cosh  X 

^: 

L 

A., 

As 

1.040 

0.2017 

6184 

6276 

17 

1499 

—268 

3 

3791 

8200 

1.041 

0.2020 

9976 

4476 

3 

3808 

9431 

17 

1231 

—265 

1.042 

0.2024 

3785 

3907 

3 

3826 

0397 

17 

0966 

—266 

1.043 

0.2027 

7611 

4304 

3 

3843 

1097 

17 

0700 

—267 

1.044 

0.2031 

1454 

5401 

3 

3860 

1530 

17 

0433 

—264 

1.045 

0.2034 

5314 

6931 

3 

3877 

1699 

17 

0169 

—267 

1.046 

0.2037 

9191 

8630 

3 

3894 

1601 

16 

9902 

—264 

1.047 

0.2041 

3086 

0231 

3 

3911 

1239 

16 

9638 

—265 

1.048 

0.2044 

6997 

1470 

3 

3928 

0612 

16 

9373 

—264 

1.049 

0.2048 

0925 

2082 

3 

3944 

9721 

16 

9109 

—265 

1.050 

0.2051 

4870 

1803 

3 

3961 

8565 

16 

8844 

—263 

1.051 

0.2054 

8832 

0368 

3 

3978 

7146 

16 

8581 

—264 

1.052 

0.2058 

2810 

7514 

3 

3995 

5463 

16 

8317 

—263 

1.053 

0.2061 

6806 

2977 

3 

4012 

3517 

16 

8054 

—263 

1.054 

0.2065 

0818 

6494 

3 

4029 

1308 

16 

7791 

—264 

1.055 

0.2068 

4847 

7802 

3 

4045 

8835 

16 

7527 

—261 

1.056 

0.2071 

8893 

6637 

3 

4062 

6101 

16 

7266 

—263 

1.057 

0.2075 

2956 

2738 

3 

4079 

3104 

16 

7003 

—261 

1.058 

0.2078 

7035 

5842 

3 

4095 

9846 

16 

6742 

—262 

1.059 

0.2082 

1131 

5688 

3 

4112 

6326 

16 

6480 

—262 

1.060 

0.2085 

5244 

2014 

3 

4129 

2544 

16 

6218 

—260 

1.061 

0.2088 

9373 

4558 

3 

4145 

8502 

16 

5958 

—261 

1.062 

0.2092 

3519 

3060 

16 

5697 

3 

4162 

4199 

• 

— 261 

1.063 

0.2095 

7681 

7259 

16 

5436 

> 

3 

4178 

9635 

— 260 

1.064 

0.2099 

1860 

6894 

3 

4195 

4811 

16 

5176 

—260 

1.065 

0.2102 

6056 

1705 

3 

4211 

9727 

16 

4916 

—259 

1.066 

0.2106 

0268 

1432 

3 

4228 

4384 

16 

4657 

—260 

1.067 

0.2109 

4496 

5816 

3 

4244 

8781 

16 

4397 

—259 

1.068 

0.2112 

8741 

4597 

3 

4261 

2919 

16 

4138 

— 259 

1.069 

0.2116 

3002 

7516 

3 

4277 

6798 

16 

3879 

—257 

1.070 

0.2119 

7280 

4314 

3 

4294 

0420 

16 

3622 

—260 

1.071 

0.2123 

1574 

4734 

3 

4310 

3782 

16 

3362 

—257 

1.072 

0.2126 

5884 

8516 

3 

4326 

6887 

16 

3105 

—258 

1.073 

0.2130 

0211 

5403 

3 

4342 

9734 

16 

2847 

—257 

1.074 

0.2133 

4554 

5137 

3 

4359 

2324 

16 

2590 

—258 

1.075 

0.2136 

8913 

7461 

3 

4375 

4656 

16 

2332 

—255 

1.076 

0.2140 

3289 

2117 

3 

4391 

6733 

16 

2077 

—259 

1.077 

0.2143 

7680 

8850 

3 

4407 

8551 

16 

1818 

—253 

1.078 

0.2147 

2088 

7401 

3 

4424 

0116 

16 

1565 

—259 

1.079 

0.2150 

6512 

7517 

3 

4440 

1422 

16 

1306 

—254 

1.080 

0.2154 

0952 

8939 

3 

4456 

2474 

16 

1052 

—256 

1.081 

0.2157 

5409 

1413 

3 

4472 

3270 

16 

0796 

—254 

1.082 

0.2160 

9881 

4683 

16 

0542 
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TABLE 

11.  LOGio 

COSH 

X-( 

Continued) 

.r 

lo< 

2:  COSll 

,r 

Ai 

A,, 

A3 

1.080 

0.2154 

0952 

8939 

3 

4456 

2474 

16 

1052 

—256 

1.081 

0.2157 

5409 

1413 

3 

4472 

3270 

16 

0796 

—254 

1.082 

0.2160 

9881 

4683 

3 

4488 

3812 

16 

0542 

—256 

1.083 

0.2164 

4369 

8495 

3 

4504 

4098 

16 

0286 

—253 

1.084 

0.2167 

8874 

2593 

3 

4520 

4131 

16 

0033 

—256 

1.085 

0.2171 

3394 

6724 

3 

4536 

3908 

15 

9777 

—253 

1.086 

0.2174 

7931 

0632 

3 

4552 

3432 

15 

9524 

—254 

1.087 

0.2178 

2483 

4064 

3 

4568 

2702 

15 

9270 

—253 

1.088 

0.2181 

7051 

6766 

3 

4584 

1719 

15 

9017 

—253 

1.089 

0.2185 

1635 

8485 

3 

4600 

0483 

15 

8764 

—252 

1.090 

0.2188 

6235 

8968 

3 

4615 

8995 

15 

8512 

—254 

1.091 

0.2192 

0851 

7963 

3 

4631 

7253 

15 

8258 

—252 

1.092 

0.2195 

5483 

5216 

3 

4647 

5259 

15 

8006 

—251 

1.093 

0.2199 

0131 

0475 

3 

4663 

3014 

15 

7755 

—252 

1.094 

0.2202 

4794 

3489 

3 

4679 

0517 

15 

7503 

—252 

1.095 

0.2205 

9473 

4006 

3 

4694 

7768 

15 

7251 

—250 

1.096 

0.2209 

4168 

1774 

3 

4710 

4769 

15 

7001 

—252 

1.097 

0.2212 

8878 

6543 

3 

4726 

1518 

15 

6749 

—249 

1.098 

0.2216 

3604 

8061 

3 

4741 

8018 

15 

6500 

— 252 

1.099 

0.2219 

8346 

6079 

3 

4757 

4266 

15 

6248 

—248 

1.100 

0.2223 

3104 

0345 

3 

4773 

0266 

15 

6000 

—251 

1.101 

0.2226 

7877 

0611 

3 

4788 

6015 

15 

5749 

—248 

1.102 

0.2230 

2665 

6626 

3 

4804 

1516 

15 

5501 

—250 

1.103 

0.2233 

7469 

8142 

3 

4819 

6767 

15 

5251 

—249 

1.104 

0.2237 

2289 

4909 

3 

4835 

1769 

15 

5002 

—247 

1.105 

0.2240 

7124 

6678 

3 

4850 

6524 

15 

4755 

—250 

1.106 

0.2244 

1975 

3202 

3 

4866 

1029 

15 

4505 

—247 

1.107 

0.2247 

6841 

4231 

3 

4881 

5287 

15 

4258 

—247 

1.108 

0.2251 

1722 

9518 

3 

4896 

9298 

15 

4011 

—249 

1.109 

0.2254 

6619 

8816 

3 

4912 

3060 

15 

3762 

—245 

1.110 

0.2258 

1532 

1876 

3 

4927 

6577 

15 

3517 

— _24S 

1.111 

0.2261 

6459 

8453 

3 

4942 

9846 

15 

3269 

—246 

1.112 

0.2265 

1402 

8299 

3 

4958 

2869 

15 

3023 

—247 

1.113 

0.2268 

6361 

1168 

3 

4973 

5645 

15 

2776 

—245 

1.114 

0.2272 

1334 

6813 

3 

4988 

8176 

15 

2531 

—245 

1.115 

0.2275 

6323 

4989 

3 

5004 

0462 

15 

2286 

—247 

1.116 

0.2279 

1327 

5451 

3 

5019 

2501 

15 

2039 

—244 

1.117 

0.2282 

6346 

7952 

3 

5034 

4296 

15 

1795 

—244 

1.118 

0.2286 

1381 

2248 

3 

5049 

5847 

15 

1551 

—245 

1.119 

0.2289 

6430 

8095 

3 

5064 

7153 

15 

1306 

—245 

1.120 

0.2293 

1495 

5248 

3 

5079 

8214 

15 

1061 

— 242 

1.121 

0.2296 

6575 

3462 

3 

5094 

9033 

15 

0819 

—245 

1.122 

0.2300 

1670 

2495 

15 

0574 
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X 
1.120 
1.121 
1.122 
1.123 
1.124 
1.125 
1.126 
1.127 
1.128 
1.129 
1.130 
1.131 
1.132 
1.133 
1.134 
1.135 
1.136 
1.137 
1.13S 
1.139 
1.140 
1.141 
1.142 
1.143 
1.144 
1.145 
1.146 
1.147 
1.14S 
1.149 
1.150 
1.151 
1.152 
1.153 
1.154 
1.155 
1.156 
1.157 
1.158 
1.159 
1.160 
1.161 
1.162 


TABLE  II.  LOGio 
log  cosh  X 
0.2293  1495  5248 
0.2296  6575  3462 
0.2300  1670  2495 
0.2303  6780  2102 
0.2307   1905  2039 
0.2310  7045  2065 
0.2314  2200  1936 
0.2317  7370  1411 
0.2321  2555   0246 
0.2324  7754  8200 
0.2328  2969  5032 
0.2331  8199  0500 
0.2335  3443  4364 
0.2338  8702  6382 
0.2342  3976  6315 
0.2345  9265  3921 
0.2349  4568  8963 
0.2352  9887   1200 
0.2356  5220  0392 
0.2360  0567  6301 
0.2363  5929  8688 
0.2367   1306  7316 
0.2370  6698  1944 
0.2374  2104  2338 
0.2377  7524  8257 
0.2381  2959  9466 
0.2384  8409  5727 
0.2388  3873  6805 
0.2391  9352  2461 
0.2395  4845  2462 
0.2399  0352  6570 
0.2402  5874  4550 
0.2406  1410  6168 
0.2409  6961  1188 
0.2413  2525  9376 
0.2416  8105  0497 
0.2420  3698  4318 
0.2423  9306  0605 
0.2427   4927  9124 
0.2431  0563  9642 
0.2434  6214  1926 
0.2438  1878  5744 
0.2441  7557  0864 


COSH  X— (Continued) 
5079  8214 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


5094  9033 
5109  9607 
5124  9937 
5140  0026 
5154  9871 
5169  9475 
5184  8835 
5199  7954 
5214  6832 
5229  5468 
5244  3864 
5259  2018 
5273  9933 
5288  7606 
5303  5042 
5318  2237 
5332  9192 
5347  5909 
5362  2387 
5376  8628 
5391  4628 
5406  0394 
5420  5919 
5435  1209 
5449  6261 
5464  1078 
5478  5656 
5493  0001 
5507   4108 
5521  7980 
5536  1618 
5550  5020 
5564  8188 
5579  1121 
5593  3821 
5607  6287 
5621  8519 
5636  0518 
5650  2284 
5664  3818 
5678  5120 


15  1061 
15  0819 
15  0574 
15  0330 
15  0089 
14  9845 
14  9604 
14  9360 
14  9119 
14  8878 
14  8636 
14  8396 
14  8154 
14  7915 
14  7673 
14  7436 
14  7195 
14  6955 
14  6717 
14  6478 
14  6241 
14  6000 
14  5766 
14  5525 
14  5290 
14  5052 
14  4817 
14  4578 
14  4345 
14  4107 
14  3872 
14  3638 
14  3402 
14  3168 
14  2933 
14  2700 
14  2466 
14  2232 
14  1999 
14  1766 
14  1534 
14  1302 
14  1069 


^3 
— 242 
—245 
—244 
—241 
—244 
— 241 
—244 
— 241 
— 241 
— 242 
—240 
—242 
—239 
— 242 
—237 
— 241 
—240 
-238 
—239 
—237 
— 241 
—234 
— 241 
—235 
—238 
—235 
—239 
—233 
—238 
—235 
—234 
—236 
—234 
—235 
—233 
—234 
—234 
—233 
—233 
—232 
—232 
—233 
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TABLE 

II.  LC 

)Oio 

COSH 

X—(Con 

itinued) 

X 

log  cosh  X 

A 

1 

^2 

A3 

1.160 

0.2434 

6214 

1926 

3 

5664 

3818 

14 

1534 

—232 

1.161 

0.2438 

1878 

5744 

3 

5678 

5120 

14 

1302 

—233 

1.162 

0.2441 

7557 

0864 

3 

5692 

6189 

14 

1069 

—231 

1.163 

0.2445 

3249 

7053 

3 

5706 

7027 

14 

0838 

—231 

1.164 

0.2448 

8956 

4080 

3 

5720 

7634 

14 

0607 

—233 

1.165 

0.2452 

4677 

1714 

3 

5734 

8008 

14 

0374 

—228 

1.166 

0.2456 

0411 

9722 

3 

5748 

8154 

14 

0146 

—233 

1.167 

0.2459 

6160 

7876 

3 

5762 

8067 

13 

9913 

—229 

1.16S 

0.2463 

1923 

5943 

3 

5776 

7751 

13 

9684 

—231 

1.169 

0.2466 

7700 

3694 

3 

5790 

7204 

13 

9453 

—228 

1.170 

0.2470 

3491 

0898 

3 

5804 

6429 

13 

9225 

—230 

1.171 

0.2473 

9295 

7327 

3 

5818 

5424 

13 

8995 

—230 

1.172 

0.2477 

5114 

2751 

3 

5832 

4189 

13 

8765 

—228 

1.173 

0.2481 

0946 

6940 

3 

5846 

2726 

13 

8537 

—228 

1.174 

0.2484 

6792 

9666 

3 

5860 

1035 

13 

8309 

—229 

1.175 

0.2488 

2653 

0701 

3 

5873 

9115 

13 

8080 

—228 

1.176 

0.2491 

8526 

9816 

3 

5887 

6967 

13 

7852 

—227 

1.177 

0.2495 

4414 

6783 

3 

5901 

4592 

13 

7625 

—228 

1.17S 

0.2499 

0316 

1375 

3 

5915 

1989 

13 

7397 

—226 

1.179 

0.2502 

6231 

3364 

3 

5928 

9160 

13 

7171 

—228 

1.180 

0.2506 

2160 

2524 

3 

5942 

6103 

13 

6943 

—227 

1.181 

0.2509 

8102 

8627 

3 

5956 

2819 

13 

6716 

—224 

1.182 

0.2513 

4059 

1446 

3 

5969 

9311 

13 

6492 

—228 

1.183 

0.2517 

0029 

0757 

3 

5983 

5575 

13 

6264 

—225 

1.184 

0.2520 

6012 

6332 

3 

5997 

1614 

13 

6039 

—225 

1.185 

0.2524 

2009 

7946 

3 

6010 

7428 

13 

5814 

—225 

1.186 

0.2527 

8020 

5374 

3 

6024 

3017 

13 

5589 

—224 

1.187 

0.2531 

4044 

8391 

3 

6037 

8382 

13 

5365 

— 227 

1.188 

0.2535 

0082 

6773 

3 

6051 

3520 

13 

5138 

—221 

1.189 

0.2538 

6134 

0293 

3 

6064 

8437 

13 

4917 

—227 

1.190 

0.2542 

2198 

8730 

3 

6078 

3127 

13 

4690 

—221 

1.191 

0.2545 

8277 

1857 

3 

6091 

7596 

13 

4469 

—224 

1.192 

0.2549 

4368 

9453 

3 

6105 

1841 

13 

4245 

—224 

1.193 

0.2553 

0474 

1294 

3 

6118 

5862 

13 

4021 

—222 

1.194 

0.2556 

6592 

7156 

3 

6131 

9661 

13 

3799 

—223 

1.195 

0.2560 

2724 

6817 

3 

6145 

3237 

13 

3576 

—221 

1.196 

0.2563 

8870 

0054 

3 

6158 

6592 

13 

3355 

—223 

1.197 

0.2567 

5028 

6646 

3 

6171 

9724 

13 

3132 

—221 

1.198 

0.2571 

1200 

6370 

3 

6185 

2635 

13 

2911 

—221 

1.199 

0.2574 

7385 

9005 

3 

6198 

5325 

13 

2690 

—222 

1.200 

0.2578 

3584 

4330 

3 

6211 

7793 

13 

2468 

—220 

1.201 

0.2581 

9796 

2123 

3 

6225 

0041 

13 

2248 

—221 

1.202 

0.2585 

6021 

2164 

13 

2027 
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TABLE  II.  LOG 

10  COSH  X—{Cor 

itinueci) 

X 

log-  cosh  X 

Ai 

A2 

A3 

1.200 

0.2578  3584  4330 

3  6211  7793 

13  2468 

— 220 

1.201 

0.2581  9796  2123 

3  6225  0041 

13  2248 

—221 

1.202 

0.2585  6021  2164 

3  6238  2068 

13  2027 

—219 

1.203 

0.2589  2259  ,  4232 

3  6251  3876 

13  1808 

— 221 

1.204 

0.2592  8510  8108 

3  6264  5463 

13  1587 

—220 

1.205 

0.2596  4775  3571 

3  6277  6830 

13  1367 

—218 

1.206 

0.2600  1053  0401 

3  6290  7979 

13  1149 

—219 

1.207 

0.2603  7343  8380 

3  6303  8909 

13  0930 

— 220 

1.20S 

0.2607  3647  7289 

3  6316  9619 

13  0710 

—217 

1.209 

0.2610  9964  6908 

3  6330  0112 

13  0493 

—219 

1.210 

0.2614  6294  7020 

3  6343  0386 

13  0274 

—217 

1.211 

0.2618  2637  7406 

3  6356  0443 

13  0057 

—219 

1.212 

0.2621  8993  7849 

3  6369  0281 

12  9838 

—216 

1.213 

0.2625  5362  8130 

3  6381  9903 

12  9622 

—218 

1.214 

0.2629  1744  8033 

3  6394  9307 

12  9404 

—216 

1.215 

0.2632  8139  7340 

3  6407  8495 

12  9188 

—217 

1.216 

0.2636  4547  5835 

3  6420  7466 

12  8971 

—215 

1.217 

0.2640  0968  3301 

3  6433  6222 

12  8756 

—217 

1.218 

0.2643  7401  9523 

3  6446  4761 

12  8539 

— 2i5 

1.219 

0.2647   3848  4284 

3  6459  3085 

12  8324 

—216 

1.220 

0.2651  0307  7369 

3  6472  1193 

12  8108 

—213 

1.221 

0.2654  6779  8562 

3  6484  9088 

12  7895 

—217  . 

1.222 

0.2658  3264  7650 

3  6497  6766 

12  7678 

—214 

1.223 

0.2661  9762  4416 

3  6510  4230 

12  7464 

—213 

1.224 

0.2665  6272  8646 

3  6523  1481 

12  7251 

—215 

1.225 

0.2669  2796  0127 

3  6535  8517 

12  7036 

— 212 

1.226 

0.2672  9331  8644 

3  6548  5341 

12  6824 

—215 

1.227 

0.2676  5880  3985 

3  6561  1950 

12  6609 

—212 

1.228 

0.2680  2441  5935 

3  6573  8347 

12  6397 

—214 

1.229 

0.2683  9015  4282 

3  6586  4530 

12  6183 

—211 

1.230 

0.2687  5601  8812 

3  6599  0502 

12  5972 

—212 

1.231 

0.2691  2200  9314 

3  6611  6262 

12  5760 

—213 

1.232 

0.2694  8812  5576 

3  6624  1809 

12  5547 

—211 

1.233 

0.2698  5436  738:^ 

3  6636  7145 

12  5336 

—211 

1.234 

0.2702  2073  4530 

3  6649  2270 

12  5125 

—212 

1.235 

0.2705  8722  6800 

3  6661  7183 

12  4913 

—209 

1.236 

0.2709  5384  3983 

3  6674  1887 

12  4704 

—213 

1.237 

0.2713  2058  5870 

3  6686  6378 

12  4491 

—207 

1.238 

0.2716  8745  2248 

3  6699  0662 

12  4284 

—213 

1.239 

0.2720  5444  2910 

3  6711  4733 

12  4071 

—207 

1.240 

0.2724  2155  7643 

3  6723  8597 

12  3864 

—211 

1.241 

0.2727   8879  6240 

3  6736  2250 

12  3653 

—209 

1.242 

0.2731  5615  8490 

12  3444 
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TABLE 

II.   LOG 

10 

COSH 

X — {Con 

liinucd) 

X 

log  cosh  X 

A 

X 

, 

^., 

A3 

1.240 

0.2724 

2155 

7643 

3 

6723 

8597 

12 

3864 

—211 

1.241 

0.2727 

8879 

6240 

3 

6736 

2250 

12 

3653 

—209 

1.242 

0.2731 

5615 

8490 

3 

6748 

5694 

12 

3444 

—207 

1.243 

0.2735 

2364 

4184 

3 

6760 

8931 

12 

3237 

—210 

1.244 

0.2738 

9125 

3115 

3 

6773 

1958 

12 

3027 

—208 

1.245 

0.2742 

5898 

5073 

3 

6785 

Alll 

12 

2819 

—207 

1.246 

0.2746 

2683 

9850 

3 

6797 

7389 

12 

2612 

—209 

1.247 

0.2749 

9481 

7239 

3 

6809 

9792 

12 

2403 

—206 

1.248 

0.2753 

6291 

7031 

3 

6822 

1989 

12 

2197 

—208 

1.249 

0.2757 

3113 

9020 

3 

6834 

3978 

12 

1989 

—207 

1.250 

0.2760 

9948 

2998 

3 

6846 

5760 

12 

1782 

—205 

1.251 

0.2764 

6794 

8758 

3 

6858 

7337 

12 

1577 

—207 

1.252 

0.2768 

3653 

6095 

3 

6870 

8707 

12 

1370 

—206 

1.253 

0.2772 

0524 

4802 

3 

6882 

9871 

12 

1164 

—206 

1.254 

0.2775 

7407 

4673 

3 

6895 

0829 

12 

0958 

—204 

1.255 

0.2779 

4302 

5502 

3 

6907 

1583 

12 

0754 

—206 

1.256 

0.2783 

1209 

7085 

3 

6919 

2131 

12 

0548 

—205 

1.257 

0.2786 

8128 

9216 

3 

6931 

2474 

12 

0343 

—205 

1.258 

0.2790 

5060 

1690 

3 

6943 

2612 

12 

0138 

—202 

1.259 

0.2794 

2003 

4302 

3 

6955 

2548 

11 

9936 

—206 

1.260 

0.2797 

8958 

6850 

3 

6967 

2278 

11 

9730 

—204 

1.261 

0.2801 

5925 

9128 

3 

6979 

1804 

11 

9526 

—201 

1.262 

0.2805 

2905 

0932 

3 

6991 

1129 

11 

9325 

—205 

1.263 

0.2808 

9896 

2061 

3 

7003 

0249 

11 

9120 

—203 

1.264 

0.2812 

6899 

2310 

3 

7014 

9166 

11 

8917 

—201 

1.265 

0.2816 

3914 

1476 

3 

7026 

7882 

11 

8716 

—203 

1.266 

0.2820 

0940 

9358 

3 

7038 

6395 

11 

8513 

—203 

1.267 

0.2823 

7979 

5753 

3 

7050 

4705 

11 

8310 

—200 

1.268 

0.2827 

5030 

0458 

3 

7062 

2815 

11 

8110 

—202 

1.269 

0.2831 

2092 

3273 

3 

7074 

0723 

11 

7908 

—202 

1.270 

0.2834 

9166 

3996 

3 

7085 

8429 

11 

7706 

—200 

1.271 

0.2838 

6252 

2425 

3 

7097 

5935 

11 

7506 

—201 

1.272 

0.2842 

3349 

8360 

3 

7109 

3240 

11 

7305 

—199 

1.273 

0.2846 

0459 

1600 

3 

7121 

0346 

11 

7106 

—202 

1.274 

0.2849 

7580 

1946 

3 

7132 

7250 

11 

6904 

—199 

1.275 

0.2853 

4712 

9196 

3 

7144 

3955 

11 

6705 

—199 

1.276 

0.2857 

1857 

3151 

3 

7156 

0461 

11 

6506 

—199 

1.277 

0.2860 

9013 

3612 

3 

7167 

6768 

11 

6307 

—199 

1.278 

0.2864 

6181 

0380 

3 

7179 

2876 

11 

6108 

—200 

1.279 

0.2868 

3360 

3256 

3 

7190 

8784 

11 

5908 

—197 

1.280 

0.2872 

0551 

2040 

3 

7202 

4495 

11 

5711 

— 19S 

1.281 

0.2875 

7753 

6535 

3 

7214 

0008 

11 

5513 

-198 

1.282 

0.2879 

4967 

6543 

11 

5315 
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TABLE  II.  LOG 

10  COSH 

X—{Cor. 

itinued) 

X 

log  cosh  X 

Aa 

A. 

As 

1.280 

0.2872  0551 

2040 

3  7202 

4495 

11  5711 

—198 

1.281 

0.2875  7753 

6535 

3  7214 

0008 

11  5513 

—198 

1.282 

0.2879  4967 

6543 

3  7225 

5323 

11  5315 

— 199 

1.283 

0.2883  2193 

1866 

3  7237 

0439 

11  5116 

—195 

1.284 

0.2886  9430 

2305 

3  7248 

5360 

11  4921 

—199 

1.285 

0.2890  6678 

7665 

3  7260 

0082 

11  4722 

—195 

1.286 

0.2894  3938 

7747 

3  7271 

4609 

11  4527 

—197 

1.287 

0.2898  1210 

2356 

3  7282 

8939 

11  4330 

—  196 

1.288 

0.2901  8493 

1295 

3  7294 

3073 

11  4134 

—196 

1.289 

0.2905  5787 

4368 

3  7305 

7011 

11  3938 

—196 

1.290 

0.2909  3093 

1379 

3  7317 

0753 

11  3742 

—194 

1.291 

0.2913  0410 

2132 

3  7328 

4301 

11  3548 

—196 

1.292 

0.2916  7738 

6433 

3  7339 

7653 

11  3352 

—195 

1.293 

0.2920  5078 

4086 

3  7351 

0810 

11  3157 

—195 

1.294 

0.2924  2429 

4896 

3  7362 

3772 

11  2962 

—192 

1.295 

0.2927  9791 

8668 

3  7375 

6542 

11  2770 

—196 

1.296 

0.2931  7165 

5210 

3  7384 

9116 

11  2574 

—192 

1.297 

0.2935  4550 

4326 

3  7396 

1498 

11  2382 

—195 

1.298 

0.2939  1946 

5824 

3  7407 

3685 

11  2187 

—192 

1.299 

0.2942  9353 

9509 

3  7418 

5680 

11  1995 

—193 

1.300 

0.2946  6772 

5189 

3  7429 

7482 

11  1802 

—193 

1.301 

0.2950  4202 

2671 

3  7440 

9091 

11  1609 

—192 

1.302 

0.2954  1643 

1762 

3  7452 

0508 

11  1417 

—192 

1.303 

0.2957  9095 

^70 

3  7463 

1733 

11  1225 

—192 

1.304 

0.2961  6558 

4003 

3  7474 

2766 

11  1033 

—190 

1.305 

0.2965  4032 

6769 

3  7485 

3609 

11  0843 

—193 

1.306 

0.2969  1518 

0378 

3  7496 

4259 

11  0650 

—190 

1.307 

0.2972  9014 

4637 

3  7507 

4719 

11  0460 

—192 

1.308 

0.2976  6521 

9356 

3  7518 

4987 

11  0268 

—188 

1.309 

0.2980  4040 

4343 

3  7529 

5067 

11  0080 

—191 

1.310 

0.2984   1569 

9410 

3  7540 

4956 

10  9889 

—191 

1.311 

0.2987  9110 

4366 

3  7551 

4654 

10  9698 

—189 

1.312 

0.2991  6661 

9020 

3  7562 

4163 

10  9509 

-188 

1.313 

0.2995  4224 

3183 

3  7573 

3484 

10  9321 

—191 

1.314 

0.2999  1797 

6667 

3  7584 

2614 

10  9130 

-187 

1.315 

0.3002  9381 

9281 

3  7595 

1557 

10  8943 

—189 

1.316 

0.3006  6977 

0838 

3  7606 

0311 

10  8754 

-188 

1.317 

0.3010  4583 

1149 

3  7616 

8877 

10  8566 

—189 

1.318 

0.3014  2200 

0026 

3  7627 

7254 

10  8377 

—186 

1.319 

0.3017  9827 

7280 

3  7638 

5445 

10  8191 

—189 

1.320 

0.3021  7466 

2725 

3  7649 

3447 

10  8002 

—185 

1.321 

0.3025  5115 

6172 

3  7660 

1264 

10  7817 

—189 

1.322 

0.3029  2775 

7436 

10  7628 
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TABLE 

II.  LOG 

10 

COSH 

X — (Continued) 

X 

log"  cosh  . 

V 

A 

'1 

^. 

A3 

1.320 

0.3021 

7466 

2725 

3 

7649 

3447 

10 

8002 

—185 

1.321 

0.3025 

5115 

6172 

3 

7660 

1264 

10 

7817 

—189 

1.322 

0.3029 

2775 

7436 

3 

7670 

8892 

10 

7628 

—185 

1.323 

0.3033 

0446 

6328 

3 

7681 

6335 

10 

7443 

—188 

1.324 

0.3036 

8128 

2663 

3 

7692 

3590 

10 

7255 

—184 

1.325 

0.3040 

5820 

6253 

3 

7703 

0661 

10 

7071 

—187 

1.326 

0.3044 

3523 

6914 

3 

7713 

7545 

10 

6884 

—185 

1.327 

0.304S 

1237 

4459 

3 

7724 

4244 

10 

6699 

—186 

1.32S 

0.3051 

8961 

8703 

3 

7735 

0757 

10 

6513 

—184 

1.329 

0.3055 

6696 

9460 

3 

7745 

7086 

10 

6329 

—185 

1.330 

0.3059 

4442 

6546 

3 

7756 

3230 

10 

6144 

—184 

1.331 

0.3063 

2198 

9776 

3 

7766 

9190 

10 

5960 

—185 

1.332 

0.3066 

9965 

8966 

3 

7777 

4965 

10 

5775 

—183 

1.333 

0.3070 

7743 

3931 

3 

7788 

0557 

10 

5592 

—184 

1.334 

0.3074 

5531 

4488 

3 

7798 

5965 

10 

5408 

—184 

1.335 

0.307S 

3330 

0453 

3 

7809 

1189 

10 

5224 

—182 

1.336 

0.30S2 

1139 

1642 

3 

7819 

6231 

10 

5042 

—183 

1.337 

0.3085 

8958 

7873 

3 

7830 

1090 

10 

4859 

—182 

1.33S 

0.3089 

6788 

8963 

3 

7840 

5767 

10 

4677 

—184 

1.339 

0.3093 

4629 

4730 

3 

7851 

0260 

10 

4493 

—180 

1.340 

0.3097 

2480 

4990 

3 

7861 

4573 

10 

4313 

—183 

1.541 

0.3101 

0341 

9563 

3 

7871 

8703 

10 

4130 

—181 

1.342 

0.3104 

8213 

8266 

3 

7882 

2652 

10 

3949 

—181 

1.343 

0.3108 

6096 

0918 

3 

7892 

6420 

10 

3768 

—181 

1.344 

0.3112 

3988 

7338 

3 

7903 

0007 

10 

3587 

—181 

1.345 

0.3116 

1891 

7345 

3 

7913 

3413 

10 

3406 

—180 

1.346 

0.3119 

9805 

0758 

3 

7923 

6639 

10 

3226 

—181 

1.347 

0.3123 

7728 

7397 

3 

7933 

9684 

10 

3045 

—178 

1.34S 

0.3127 

5662 

7081 

3 

7944 

2551 

10 

2867 

—182 

1.349 

0.3131 

3606 

9632 

3 

7954 

5236 

10 

2685 

—177 

1.350 

0.3135 

1561 

4868 

3 

7964 

7744 

10 

2508 

—181 

1.351 

0.3138 

9526 

2612 

3 

7975 

0071 

10 

2327 

—178 

1.352 

0.3142 

7501 

2683 

3 

7985 

2220 

10 

2149 

—178 

1.353 

0.3146 

5486 

4903 

3 

7995 

4191 

10 

1971 

—179 

1.354 

0.3150 

3481 

9094 

3 

8005 

5983 

10 

1792 

—177 

1.355 

0.3154 

1487 

5077 

3 

8015 

7598 

10 

1615 

—180 

1.356 

0.3157 

9503 

2675 

3 

8025 

9033 

10 

1435 

—174 

1.357 

0.3161 

7529 

1708 

3 

8036 

0294 

10 

1261 

—181 

1.35S 

0.3165 

5565 

2002 

3 

8046 

1374 

10 

1080 

—174 

1.359 

0.3169 

3611 

3376 

3 

8056 

2280 

10 

0906 

-178 

1.360 

0.3173 

1667 

5656 

3 

8066 

3008 

10 

0728 

—176 

1.361 

0.3176 

9733 

8664 

3 

8076 

3560 

10 

0552 

—177 

1.362 

0.3180 

7810 

2224 

10 

0375 

380 
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TABLE  : 

II.  LOG 

10  ' 

COSH 

X-(( 

lontinu 

ed) 

X 

log 

,■  cosh  X 

A 

1 

^2 

A3 

1.360 

0.3173 

1667 

5656 

3 

8066 

3008 

10 

0728 

—176 

1.361 

0.3176 

9733 

8664 

3 

8076 

3560 

10 

0552 

—177 

1.362 

0.3180 

7810 

2224 

3 

8086 

3935 

10 

0375 

—175 

1.363 

0.3184 

5896 

6159 

3 

8096 

4135 

10 

0200 

—176 

1.364 

0.3188 

3993 

0294 

3 

8106 

4159 

10 

0024 

—175 

1.365 

0.3192 

2099 

4453 

3 

8116 

4008 

9 

9849 

—176 

1.366 

0.3196 

0215 

8461 

3 

8126 

3681 

9 

9673 

—174 

1.367 

0.3199 

8342 

2142 

3 

8136 

3180 

9 

9499 

—175 

1.36S 

0.3203 

6478 

5322 

3 

8146 

2504 

9 

9324 

—174 

1.369 

0.3207 

4624 

7826 

3 

8156 

1654 

9 

9150 

—174 

1.370 

0.3211 

2780 

9480 

3 

8166 

0630 

9 

8976 

—174 

1.371 

0.3215 

0947 

0110 

3 

8175 

9432 

9 

8802 

—174 

1.372 

0.3218 

9122 

9542 

3 

8185 

8060 

9 

8628 

—173 

1.373 

0.3222 

7308 

7602 

3 

8195 

6515 

9 

8455 

—172 

1.374 

0.3226 

5504 

4117 

3 

8205 

4798 

9 

8283 

—175 

1.375 

0.3230 

3709 

8915 

3 

8215 

2906 

9 

8108 

—171 

1.376 

0.3234 

1925 

1821 

3 

8225 

0843 

9 

7937 

—172 

1.377 

0.3238 

0150 

2664 

3 

8234 

8608 

9 

1165 

—173 

1.378 

0.3241 

8385 

1272 

3 

8244 

6200 

9 

1592 

—170 

1.379 

0.3245 

6629 

7472 

3 

8254 

3622 

9 

7422 

—174 

1.3S0 

0.3249 

4884 

1094 

3 

8264 

0870 

9 

7248 

—169 

1.381 

0.3253 

3148 

1964 

3 

8273 

7949 

9 

7079 

—172 

1.382 

0.3257 

1421 

9913 

3 

8283 

4856 

9 

6907 

—171 

1.383 

0.3260 

9705 

4769 

9 

6736 

3 

8293 

1592 

— 169 

1.384 

0.3264 

7998 

6361 

3 

8302 

8159 

9 

6567 

—172 

1.385 

0.3268 

6301 

4520 

3 

8312 

4554 

9 

6395 

—169 

1.386 

0.3272 

4613 

9074 

3 

8322 

0780 

9 

6226 

—169 

1.387 

0.3276 

2935 

9854 

3 

8331 

6837 

9 

6057 

—170 

1.388 

0.3280 

1267 

6691 

3 

8341 

2724 

9 

5887 

—170 

1.389 

0.3283 

9608 

9415 

3 

8350 

8441 

9 

5717 

—168 

1.390 

0.3287 

7959 

7856 

3 

8360 

3990 

9 

5549 

—169 

1.391 

0.3291 

6320 

1846 

3 

8369 

9370 

9 

5380 

—168 

1.392 

0.3295 

4690 

1216 

3 

8379 

4582 

9 

5212 

—169 

1.393 

0.3299 

3069 

5798 

3 

8388 

9625 

9 

5043 

—166 

1.394 

0.3303 

1458 

5423 

3 

8398 

4502 

9 

4877 

—170 

1.395 

0.3306 

9856 

9925 

3 

8407 

9209 

9 

4707 

—166 

1.396 

0.3310 

8264 

9134 

3 

8417 

3750 

9 

4541 

—167 

1.397 

0.3314 

6682 

2884 

3 

8426 

8124 

9 

4374 

-168 

1.398 

0.3318 

5109 

1008 

3 

8436 

2330 

9 

4206 

—165 

1.399 

0.3322 

3545 

3338 

3 

8445 

6371 

9 

4041 

—167 

1.400 

0.3326 

1990 

9709 

3 

8455 

0245 

9 

3874 

—167 

1.401 

0.3330 

0445 

9954 

3 

8464 

3952 

9 

3707 

—165 

1.402 

0.3333 

8910 

3906 

9 

3542 
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TABLE 

II.  LOGio 

COSH 

X — (Continued) 

.r 

lo. 

•^  cosh 

.r 

Ai 

A, 

A., 

1.400 

0.3326 

1990 

9709 

3 

8455 

0245 

9 

3874 

—167 

1.401 

0.3330 

0445 

9954 

3 

8464 

3952 

9 

3707 

—165 

1.402 

0.3333 

8910 

3906 

3 

8473 

7494 

9 

3542 

—166 

1.403 

0.3337 

7384 

1400 

3 

8483 

0870 

9 

3376 

—164 

1.404 

0.3341 

5867 

2270 

3 

8492 

4082 

9 

3212 

—167 

1.405 

0.3345 

4359 

6352 

3 

8501 

7127 

9 

3045 

—164 

1.406 

0.3349 

2861 

3479 

3 

8511 

0008 

9 

2881 

—164 

1.407 

0.3353 

1372 

3487 

3 

8520 

2725 

9 

2717 

—165 

1.408 

0.3356 

9892 

6212 

3 

8529 

5277 

9 

2552 

—164 

1.409 

0.3360 

8422 

1489 

3 

8538 

7665 

9 

2388 

—163 

1.410 

0.3364 

6960 

9154 

3 

8547 

9890 

9 

2225 

—165 

1.411 

0.3368 

5508 

9044 

3 

8557 

1950 

9 

2060 

—163 

1.412 

0.3372 

4066 

0994 

3 

8566 

3847 

9 

1897 

—162 

1.413 

0.3376 

2632 

4841 

3 

8575 

5582 

9 

1735 

—163 

1.414 

0.3380 

1208 

0423 

3 

8584 

7154 

9 

1572 

—164 

1.415 

0.3383 

9792 

7577 

3 

8593 

8562 

9 

1408 

—161 

1.416 

0.3387 

8386 

6139 

3 

8602 

9809 

9 

1247 

—163 

1.417 

0.3391 

6989 

5948 

3 

8612 

0893 

9 

1084 

—160 

1.41S 

0.3395 

5601 

6841 

3 

8621 

1817 

9 

0924 

—164 

1.419 

0.3399 

4222 

8658 

3 

8630 

2577 

9 

0760 

—160 

1.420 

0.3403 

2853 

1235 

3 

8639 

3177 

9 

0600 

—161 

1.421 

0.3407 

1492 

4412 

3 

8648 

3616 

9 

0439 

—161 

1.422 

0.3411 

0140 

8028 

3 

8657 

3894 

9 

0278 

—161 

1.423 

0.3414 

8798 

1922 

3 

8666 

4011 

9 

0117 

—160 

1.424 

0.3418 

7464 

5933 

3 

8675 

3968 

8 

9957 

—160 

1.425 

0.3422 

6139 

9901 

3 

8684 

3765 

8 

9797 

—160 

1.426 

0.3426 

4824 

3666 

3 

8693 

3402 

8 

9637 

—159 

1.427 

0.3430 

3517 

7068 

3 

8702 

2880 

8 

9478 

—160 

1.42S 

0.3434 

2219 

9948 

3 

8711 

2198 

8 

9318 

—159 

1.429 

0.3438 

0931 

2146 

3 

8720 

1357 

8 

9159 

—159 

1.430 

0.3441 

9651 

3503 

3 

8729 

0357 

8 

9000 

—158 

1.431 

0.3445 

8380 

3860 

3 

8737 

9199 

8 

8842 

—159 

1.432 

0.3449 

7118 

3059 

3 

8746 

7882 

8 

8683 

—157 

1.433 

0.3453 

5865 

0941 

3 

8755 

6408 

8 

8526 

—159 

1.434 

0.3457 

4620 

7349 

3 

8764 

4775 

8 

8367 

—157 

1.435 

0.3461 

3385 

2124 

3 

8773 

2985 

8 

8210 

—158 

1.436 

0.3465 

2158 

5109 

3 

8782 

1037 

8 

8052 

—157 

1.437 

0.3469 

0940 

6146 

3 

8790 

8932 

8 

7895 

—155 

1.438 

0.3472 

9731 

5078 

3 

8799 

6672 

8 

7740 

—160 

1.439 

0.3476 

8531 

1750 

3 

8808 

4252 

8 

7580 

—154 

1.440 

0.3480 

7339 

6002 

3 

8817 

1678 

8 

7426 

—157 

1.441 

0.3484 

6156 

7680 

3 

8825 

8947 

8 

7269 

—155 

1.442 

0.3488 

4982 

6627 

8 

7114 

382 
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X 
1.440 
1.441 
1.442 
1A^5 
1.444 
1.445 
1.446 
1.447 
1.44S 
1.449 
1.450 
1.451 
1.452 
1.453 
1.454 
1.455 
1.456 
1.457 
1.45S 
1.459 
1.460 
1.461 
1.462 
1.463 
1.464 
1.465 
1.466 
1.467 
1.468 
1.469 
1.470 
1.471 
1.472 
1.473 
1.474 
1.475 
1.476 
1.477 
1.478 
1.479 
1.480 
1.481 
1.482 


TABLE  II.  LOGio 
log  cosh  X 
0.3480  7339  6002 
0.3484  6156  7680 
0.3488  4982  6627 
0.3492  3817  2688 
0.3496  2660  5706 
0.3500  1512  5527 
0.3504  0373  1994 
0.3507  9242  4954 
0.3511  8120  4252 
0.3515  7006  9733 
0.3519  5902  1242 
0.3523  4805  8626 
0.3527  3718  1732 
0.3531  2639  0405 
0.3535  1568  4493 
0.3539  0506  3843 
0.3542  9452  8301 
0.3546  8407  7715 
0.3550  7371  1934 
0.3554  6343  0804 
0.3558  5323  4175 
0.3562  4312  1894 
0.3566  3309  3810 
0.3570  2314  9773 
0.3574  1328  9631 
0.3578  0351  3234 
0.3581  9382  0431 
0.3585  8421  1073 
0.3589  7468  5009 
0.3593  6524  2089 
0.3597  5588  2166 
0.3601  4660  5088 
0.3605  3741  0708 
0.3609  2829  8876 
0.3613  1926  9444 
0.3617  1032  2265 
0.3621  0145  7189 
0.3624  9267  4069 
0.3628  8397  2758 
0.3632  7535  3108 
0.3636  6681  4973 
0.3640  5835  8205 
0.3644  4998  2658 


8     7426 


COSH  X — (Continued) 

Ax 

3  8817  1678 
3  8825  8947 
3  8834  6061 
3  8843  3018 
3  8851  9821 
3  8860  6467 
3  8869  2960 
3  8877  9298 
3  8886  5481 
3  8895  1509 
3  8903  7384 
3  8912  3106 
3  8920  8673 
3  8929  4088 
3  8937  9350 
3  8946  4458 
3  8954  9414 
3  8963  4219 
3  8971  8870 
3  8980  3371 
3  8988  7719 
3  8997  1916 
3  9005  5963 
3  9013  9858 
3  9022  3603 
3  9030  7197 
3  9039  0642 
3  9047  3936 
3  9055  7080 
3  9064  0077 
3  9072  2922 
3  9080  5620 
3  9088  8168 
3  9097  0568 
3  9105  2821 
3  9113  4924 
3  9121  6880 
3  9129  8689 
3  9138  0350 
3  9146  1865 
3  9154  3232 
3  9162  4453 


8  7269 
8  7114 
8  6957 
8  6803 
8  6646 
8  6493 
8  6338 
8  6183 
8  6028 
8  5875 
8  5722 
8  5567 
8  5415 
8  5262 
8  5108 
8  4956 
8  4805 
8  4651 
8  4501 
g  4348 
8  4197 
S  4047 
S  3895 
8  3745 
8  3594 
8  3445 
8  3294 
8  3144 
8  2997 
8  2845 
8  2698 
8  2548 
8  2400 
8  2253 
8  2103 
8  1956 
8  1809 
8  1661 
8  1515 
8  1367 
8  1221 
8  1075 


^3 

—157 

—155 

—157 

—154 

—157 

—153 

—155 

— 155 

—155 

—153 

—153 

—155 

—152 

—153 

—154 

—152 

—151 

—154 

—150 

—153 

—151 

—150 

—152 

—150 

—151 

—149 

—151 

—150 

—147 

—152 

—147 

—150 

—148 

—147 

—150 

—147 

—147 

—148 

—146 

—148 

—146 

—146 
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TABLE  II.     LOGio  COSH  X—{Coniinued) 


X 

log 

: cosh  a 

;r 

A 

1 

A. 

A3 

1.480 

0.3636 

6681 

4973 

3 

9154 

3232 

8 

1367 

—146 

1.481 

0.3640 

5835 

8205 

3 

9162 

4453 

8 

1221 

—146 

1.482 

0.3644 

4998 

2658 

3 

9170 

5528 

8 

1075 

—147 

1.483 

0.3648 

4168 

8186 

3 

9178 

6456 

8 

0928 

—146 

1.484 

0.3652 

3347 

4642 

3 

9186 

7238 

8 

0782 

—145 

1.485 

0.3656 

2534 

1880 

3 

9194 

7875 

8 

0637 

—145 

1.486 

0.3660 

1728 

9755 

3 

9202 

8367 

8 

0492 

—146 

1.487 

0.3664 

0931 

8122 

3 

9210 

8713 

8 

0346 

—145 

1.488 

0.3668 

0142 

6835 

3 

9218 

8914 

8 

0201 

—144 

1.489 

0.3671 

9361 

5749 

3 

9226 

8971 

S 

0057 

—145 

1.490 

0.3675 

8588 

4720 

3 

9234 

8883 

7 

9912 

—144 

1.491 

0.3679 

7823 

3603 

3 

9242 

8651 

7 

9768 

—144 

1.492 

0.3683 

7066 

2254 

3 

9250 

8275 

7 

9624 

—145 

1.493 

0.3687 

6317 

0529 

3 

9258 

7754 

7 

9479 

—141 

1.494 

0.3691 

5575 

8283 

3 

9266 

7092 

7 

9338 

—146 

1.495 

0.3695 

4842 

5375 

3 

9274 

6284 

7 

9192 

—141 

1.496 

0.3699 

4117 

1659 

3 

9282 

5335 

7 

9051 

—145 

1.497 

0.3703 

3399 

6994 

3 

9290 

4241 

7 

8906 

—141 

1.498 

0.3707 

2690 

1235 

3 

9298 

3006 

7 

8765 

—142 

1.499 

0.3711 

1988 

4241 

3 

9306 

1629 

7 

8623 

—144 

1.500 

0.3715 

1294 

5870 

3 

9314 

0108 

7 

8479 

—141 

1.501 

0.3719 

0608 

5978 

3 

9321 

8446 

7 

8338 

—141 

1.502 

0.3722 

9930 

4424 

3 

9329 

6643 

7 

8197 

—143 

1.503 

0.3726 

9260 

1067 

3 

9337 

4697 

7 

8054 

—141 

1.504 

0.3730 

8597 

5764 

3 

9345 

2610 

7 

7913 

—140 

1.505 

0.3734 

7942 

8374 

3 

9353 

0383 

7 

7773 

—141 

1.506 

0.3738 

7295 

8757 

3 

9360 

8015 

7 

7632 

—142 

1.507 

0.3742 

6656 

6772 

3 

9368 

5505 

7 

7490 

—139 

1.508 

0.3746 

6025 

2277 

3 

9376 

2856 

7 

7351 

—140 

1.509 

0.3750 

5401 

5133 

3 

9384 

0067 

7 

7211 

—141 

1.510 

0.3754 

4785 

5200 

3 

9391 

7137 

7 

7070 

—139 

1.511 

0.3758 

4177 

2337 

3 

9399 

4068 

7 

6931 

—139 

1.512 

0.3762 

3576 

6405 

3 

9407 

0860 

7 

6792 

—140 

1.513 

0.3766 

2983 

7265 

3 

9414 

7512 

7 

6652 

—139 

1.514 

0.3770 

2398 

4777 

3 

9422 

4025 

7 

6513 

—139 

1.515 

0.3774 

1820 

8802 

3 

9430 

0399 

7 

6374 

—137 

1.516 

0.3778 

1250 

9201 

3 

9437 

6636 

7 

6237 

—140 

1.517 

0.3782 

0688 

5837 

3 

9445 

2733 

7 

6097 

— 13S 

1.518 

0.3786 

0133 

8570 

3 

9452 

8692 

7 

5959 

—137 

1.519 

0.3789 

9586 

7262 

3 

9460 

4514 

7 

5822 

—138 

1.520 

0.3793 

9047 

1776 

3 

9468 

0198 

7 

5684 

-138 

1.521 

0.3797 

8515 

1974 

3 

9475 

5744 

7 

5546 

—137 

1.522 

0.3801 

7990 

7718 

7 

5409 
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TABLE  II.  LOG 

10  COSH 

X—{C 

oniiiiued) 

X 

log 

cosh  X 

A 

1 

A, 

A3 

1.520 

0.3793 

9047 

1776 

3 

9468 

0198 

7 

5684 

—138 

1.521 

0.3797 

8515 

1974 

3 

9475 

5744 

7 

5546 

—137 

1.522 

0.3801 

7990 

7718 

3 

9483 

1153 

7 

5409 

—136 

1.523 

0.3805 

7473 

8871 

3 

9490 

6426 

7 

5273 

—138 

1.524 

0.3809 

6964 

5297 

3 

9498 

1561 

7 

5135 

—136 

1.525 

0.3813 

6462 

6858 

3 

9505 

6560 

7 

4999 

—136 

1.526 

0.3817 

5968 

3418 

3 

9513 

1423 

7 

4863 

—137 

1.527 

0.3821 

5481 

4841 

3 

9520 

6149 

7 

4726 

—135 

1.52S 

0.3825 

5002 

0990 

3 

9528 

0740 

7 

4591 

—136 

1.529 

0.3829 

4530 

1730 

3 

9535 

5195 

7 

4455 

—135 

1.530 

0.3833 

4065 

6925 

3 

9542 

9515 

7 

4320 

—137 

1.531 

0.3837 

3608 

6440 

3 

9550 

3698 

7 

4183 

-132 

1.532 

0.3841 

3159 

0138 

3 

9557 

7749 

7 

4051 

—137 

1.533 

0.3845 

2716 

7887 

3 

9565 

1663 

7 

3914 

—134 

1.534 

0.3849 

2281 

9550 

3 

9572 

5443 

7 

3780 

—135 

1.535 

0.3853 

1854 

4993 

3 

9579 

9088 

7 

3645 

—133 

1.536 

0.3857 

1434 

4081 

3 

9587 

2600 

7 

3512 

—134 

1.537 

0.3861 

1021 

6681 

3 

9594 

5978 

7 

3378 

—135 

1.53S 

0.3865 

0616 

2659 

3 

9601 

9221 

7 

3243 

—131 

1.539 

0.3869 

0218 

1880 

3 

9609 

2333 

7 

3112 

—136 

1.540 

0.3872 

9827 

4213 

3 

9616 

5309 

7 

2976 

—131 

1.541 

0.3876 

9443 

9522 

3 

9623 

8154 

7 

2845 

—133 

1.542 

0.3880 

9067 

7676 

3 

9631 

0866 

7 

2712 

—134 

1.543 

0.3884 

8698 

8542 

3 

9638 

3444 

7 

2578 

—131 

1.544 

0.3888 

8337 

1986 

3 

9645 

5891 

7 

2447 

—133 

1.545 

0.3892 

7982 

7877 

3 

9652 

8205 

7 

2314 

—131 

1.546 

0.3896 

7635 

6082 

3 

9660 

0388 

7 

2183 

—133 

1.547 

0.3900 

7295 

6470 

3 

9667 

2438 

7 

2050 

—130 

1.548 

0.3904 

6962 

8908 

3 

9674 

4358 

7 

1920 

—132 

1.549 

0.3908 

6637 

3266 

3 

9681 

6146 

7 

1788 

—132 

1.550 

0.3912 

6318 

9412 

3 

9688 

7802 

7 

1656 

—129 

1.551 

0.3916 

6007 

7214 

3 

9695 

9329 

7 

1527 

—132 

1.552 

0.3920 

5703 

6543 

3 

9703 

0724 

7 

1395 

—130 

1.553 

0.3924 

5406 

7267 

3 

9710 

1989 

7 

1265 

—130 

1.554 

0.3928 

5116 

9256 

3 

9717 

3124 

7 

1135 

—130 

1.555 

0.3932 

4834 

2380 

3 

9724 

4129 

7 

1005 

—130 

1.556 

0.3936 

4558 

6509 

3 

9731 

5004 

7 

0875 

—130 

1.557 

0.3940 

4290 

1513 

3 

9738 

5749 

7 

0745 

—129 

1.558 

0.3944 

4028 

7262 

3 

9745 

6365 

7 

0616 

—128 

1.559 

0.3948 

3774 

3627 

3 

9752 

6853 

7 

0488 

—131 

1.560 

0.3952 

3527 

0480 

3 

9759 

7210 

7 

0357 

—127 

1.561 

0.3956 

3286 

7690 

3 

9766 

7440 

7 

0230 

—129 

1.562 

0.3960 

3053 

5130 

7 

0101 
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TABLH 

11.  LOG 

10  < 

U0811 

X—{Coiu 

'ill  lied) 

x 

\oo 

;  cosh  .i 

A 

1 

A,, 

^z 

1.560 

0.3952 

3527 

0480 

3 

9759 

7210 

7 

0357 

—127 

1.561 

0.3956 

3286 

7690 

3 

9766 

7440 

7 

0230 

—129 

1.562 

0.3960 

3053 

5130 

3 

9773 

7541 

7 

0101 

—129 

1.563 

0.3964 

2827 

2671 

3 

9780 

7513 

6 

9972 

—128 

1.564 

0.3968 

2608 

0184 

3 

9787 

7357 

6 

9844 

—126 

1.565 

0.3972 

2395 

7541 

3 

9794 

7075 

6 

9718 

—130 

1.566 

0.3976 

2190 

4616 

3 

9801 

6663 

6 

9588 

—126 

1.567 

0.3980 

1992 

1279 

3 

9808 

6125 

6 

9462 

—128 

1.568 

0.3984 

1800 

7404 

3 

9815 

5459 

6 

9334 

—126 

1.569 

0.3988 

1616 

2863 

3 

9822 

4667 

6 

9208 

—128 

1.570 

0.3992 

1438 

7530 

3 

9829 

3747 

6 

9080 

—126 

1.571 

0.3996 

1268 

1277 

3 

9836 

2701 

6 

8954 

—127 

1.572 

0.4000 

1104 

3978 

3 

9843 

1528 

6 

8827 

—125 

1.573 

0.4004 

0947 

5506 

3 

9850 

0230 

6 

8702 

—126 

1.574 

0.4008 

0797 

5736 

3 

9856 

8806 

6 

8576 

—127 

1.575 

0.4012 

0654 

4542 

3 

9863 

7255 

6 

8449 

—125 

1.576 

0.4016 

0518 

1797 

3 

9870 

5579 

6 

8324 

—125 

1.577 

0.4020 

0388 

7376 

3 

9877 

3778 

6 

8199 

—125 

1.57S 

0.4024 

0266 

1154 

3 

9884 

1852 

6 

8074 

—126 

1.579 

0.4028 

0150 

3006 

3 

9890 

9800 

6 

7948 

—123 

1.580 

0.4032 

0041 

2806 

3 

9897 

7625 

6 

7825 

—126 

1.581 

0.4035 

9939 

0431 

3 

9904 

5324 

6 

7699 

— 124 

1.582 

0.4039 

9843 

5755 

3 

9911 

2899 

6 

7575 

— 124 

1.583 

0.4043 

9754 

8654 

3 

9918 

0350 

6 

7451 

—123 

1.584 

0.4047 

9672 

9004 

3 

9924 

7678 

6 

7328 

—125 

1.585 

0.4051 

9597 

6682 

3 

9931 

4881 

6 

7203 

—123 

1.586 

0.4055 

9529 

1563 

3 

9938 

1961 

6 

7080 

—123 

1.587 

0.4059 

9467 

3524 

3 

9944 

8918 

6 

6957 

—123 

1.588 

0.4063 

9412 

2442 

3 

9951 

5752 

6 

6834 

—123 

1.589 

0.4067 

9363 

8194 

3 

9958 

2463 

6 

6711 

—123 

1.590 

0.4071 

9322 

0657 

3 

9964 

9051 

6 

6588 

—122 

1.591 

0.4075 

9286 

9708 

3 

9971 

5517 

6 

6466 

— 122 

1.592 

0.4079 

9258 

5225 

3 

9978 

1861 

6 

6344 

—123 

1.593 

0.4083 

9236 

7086 

3 

9984 

8082 

6 

6221 

—121 

1.594 

0.4087 

9221 

5168 

3 

9991 

4182 

6 

6100 

—122 

1.595 

0.4091 

9212 

9350 

3 

9998 

0160 

6 

5978 

—121 

1.596 

0.4095 

9210 

9510 

4 

0004 

6017 

6 

5857 

— 121 

1.597 

0.4099 

9215 

5527 

4 

0011 

1753 

6 

5736 

—123 

1.598 

0.4103 

9226 

7280 

4 

0017 

7366 

6 

5613 

—lis 

1.599 

0.4107 

9244 

4646 

4 

0024 

2861 

6 

5495 

— 122 

1.600 

0.4111 

9268 

7507 

4 

0030 

8234 

6 

5373 

—121 

1.601 

0.4115 

9299 

5741 

4 

0037 

3486 

6 

5252 

—119 

1.602 

0.4119 

9336 

9227 

6 

5133 

386 


University  of  California  PuUications       [Engineering 


X 
1.600 
1.601 
1.602 
1.603 
1.604 
1.605 
1.606 
1.607 
1.60S 
1.609 
1.610 
1.611 
1.612 
1.613 
1.614 
1.615 
1.616 
1.617 
1.618 
1.619 
1.620 
1.621 
1.622 
1.623 
1.624 
1.625 
1.626 
1.627 
1.62S 
1.629 
1.630 
1.631 
1.632 
1.633 
1.634 
1.635 
1.636 
1.637 
1.638 
1.639 
1.640 
1.641 
1.642 


TABLE  II.  LOGio 
log  cosh  X 
0.4111  9268  7507 
0.4115  9299  5741 
0.4119  9336  9227 
0.4123  9380  7846 
0.4127   9431  1477 
0.4131  9488  0001 
0.4135  9551  3298 
0.4139  9621  1249 
0.4143  9697  3734 
0.4147  9780  0635 
0.4151  9869  1833 
0.4155  9964  7209 
0.4160  0066  6645 
0.4164  0175  0022 
0.4168  0289  7223 
0.4172  0410  8129 
0.4176  0538  2624 
0.4180  0672  0589 
0.4184  0812  1908 
0.4188  0958  6464 
0.4192  1111  4139 
0.4196  1270  4817 
0.4200  1435  8382 
0.4204  1607  ^718 
0.4208  1785  3708 
0.4212  1969  5237 
0.4216  2159  9188 
0.4220  2356  5448 
0.4224  2559  3900 
0.4228  2768  4429 
0.4232  2983  6920 
0.4236  3205  1260 
0.4240  3432  7333 
0.4244  3666  5025 
0.4248  3906  4222 
0.4252  4152  4811 
0.4256  4404  6677 
0.4260  4662  9707 
0.4264  4927  3788 
0.4268  5197  8806 
0.4272  5474  4650 
0.4276  5757  1205 
0.4280  6045  8360 


COSH  X—(Co7iUnued) 


4 
4 
4 
4 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


0030  8234 
0037  3486 
0043  8619 
0050  3631 
0056  8524 
0063  3297 
0069  7951 
0076  2485 
0082  6901 
0089  1198 
0095  5376 
0101  9436 
0108  3377 
0114  7201 
0121  0906 
0127  4495 
0133  7965 
0140  1319 
0146  4556 
0152  7675 
0159  0678 
0165  3565 
0171  6336 
0177  8990 
0184  1529 
0190  3951 
0196  6260 
0202  8452 
0209  0529 
0215  2491 
0221  4340 
0227  6073 
0233  7692 
0239  9197 
0246  0589 
0252  1866 
0258  3030 
0264  4081 
0270  5018 
0276  5844 
0282  6555 
0288  7155 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


-^2 

5373 


5252 
5133 
5012 
4893 
4773 
4654 
4534 
4416 
4297 
4178 
4060 
3941 
3824 
3705 
3589 
3470 
3354 
3237 
3119 
3003 
2887 
2771 
2654 
6  2539 
6  2422 
2309 
2192 
2077 
1962 
1849 
1733 
1619 
1505 
6  1392 
6  1277 
1164 
1051 
0937 
0826 
0711 
0600 
0487 


6 
6 
6 
6 
6 
6 
6 
6 


—121 

—119 

—121 

—119 

— 120 

—119 

—120 

—118 

—119 

—119 

—118 

—119 

—117 

—119 

—116 

—119 

—116 

—117 

—118 

—116 

—116 

—116 

—117 

—115 

—117 

—113 

—117 

—115 

—115 

—113 

—116 

—114 

—114 

—113 

—115 

—113 

—113 

—114 

—111 

—115 

—111 

—113 
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TABLE 

11.  LOG 

10 

COSH 

X — (Com 

\i)iued) 

X 

log 

<;  cosh  X 

A 

1 

I 

^2 

A3 

1.640 

0.4272 

5474 

4650 

4 

0282 

6555 

6 

0711 

—111 

1.641 

0.4276 

5757 

1205 

4 

0288 

7155 

6 

0600 

—113 

1.642 

0.4280 

6045 

8360 

4 

0294 

7642 

6 

0487 

—112 

1.643 

0.4284 

6340 

6002 

4 

0300 

8017 

6 

0375 

—112 

1.644 

0.4288 

6641 

4019 

4 

0306 

8280 

6 

0263 

— Ill 

1.645 

0.4292 

6948 

2299 

4 

0312 

8432 

6 

0152 

—113 

1.646 

0.4296 

7261 

0731 

4 

0318 

8471 

6 

0039 

—110 

1.647 

0.4300 

7579 

9202 

4 

0324 

8400 

5 

9929 

—112 

1.64S 

0.4304 

7904 

7602 

4 

0330 

8217 

5 

9817 

—111 

1.649 

0.4308 

8235 

5819 

4 

0336 

7923 

5 

9706 

—110 

1.650 

0.4312 

8572 

3742 

4 

0342 

7519 

5 

9596 

—112 

1.651 

0.4316 

8915 

1261 

4 

0348 

7003 

5 

9484 

—109 

1.652 

0.4320 

9263 

8264 

4 

0354 

6378 

5 

9375 

—111 

1.653 

0.4324 

9618 

4642 

4 

0360 

5642 

5 

9264 

—109 

1.654 

0.4328 

9979 

0284 

4 

0366 

4797 

5 

9155 

—112 

1.655 

0.4333 

0345 

5081 

4 

0372 

3840 

5 

9043 

—108 

1.656 

0.4337 

0717 

8921 

4 

0378 

2775 

5 

8935 

—110 

1.657 

0.4341 

1096 

1696 

4 

0384 

1600 

5 

8825 

—109 

1.658 

0.4345 

1480 

3296 

4 

0390 

0316 

5 

8716 

—110 

1.659 

0.4349 

1870 

3612 

4 

0395 

8922 

5 

8606 

-108 

1.660 

0.4353 

2266 

2534 

4 

0401 

7420 

5 

8498 

—109 

1.661 

0.4357 

2667 

9954 

4 

0407 

5809 

5 

8389 

—108 

1.662 

0.4361 

3075 

5763 

4 

0413 

4090 

5 

8281 

—109 

1.663 

0.4365 

3488 

9853 

4 

0419 

2262 

5 

8172 

—108 

1.664 

0.4369 

3908 

2115 

4 

0425 

0326 

5 

8064 

—108 

1.665 

0.4373 

4333 

2441 

4 

0430 

8282 

5 

7956 

—109 

1.666 

0.4377 

4764 

0723 

4 

0436 

6129 

5 

7847 

—105 

1.667 

0.4381 

5200 

6852 

4 

0442 

3871 

5 

7742 

—110 

1.66S 

0.4385 

5643 

0723 

4 

0448 

1503 

5 

7632 

—106 

1.669 

0.4389 

6091 

2226 

4 

0453 

9029 

5 

7526 

—107 

1.670 

0.4393 

6545 

1255 

4 

0459 

6448 

5 

7419 

—107 

1.671 

0.4397 

7004 

7703 

4 

0465 

3760 

5 

7312 

—107 

1.672 

0.4401 

7470 

1463 

4 

0471 

0965 

5 

7205 

—107 

1.673 

0.4405 

7941 

2428 

4 

0476 

8063 

5 

7098 

—105 

1.674 

0.4409 

8418 

0491 

4 

0482 

5056 

5 

6993 

—108 

1.675 

0.4413 

8900 

5547 

4 

0488 

1941 

5 

6885 

—104 

1.676 

0.4417 

9388 

7488 

4 

0493 

8722 

5 

6781 

—106 

1.677 

0.4421 

9882 

6210 

4 

0499 

5397 

5 

6675 

—108 

1.678 

0.4426 

0382 

1607 

4 

0505 

1964 

5 

6567 

—102 

1.679 

0.4430 

0887 

3571 

4 

0510 

8429 

5 

6465 

—107 

1.680 

0.4434 

1398 

2000 

4 

0516 

4787 

5 

6358 

—106 

1.681 

0.4438 

1914 

6787 

4 

0522 

1039 

5 

6252 

—103 

1.682 

0.4442 

2436 

7826 

5 

6149 

388 
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TABLE  II.  LOG 

10  COSH 

X—(C 

ontinued) 

X 

log 

cosh  X 

A. 

1 

A. 

As 

1.680 

0.4434 

1398 

2000 

4 

0516 

4787 

5 

6358 

—106 

1.681 

0.4438 

1914 

6787 

4 

0522 

1039 

5 

6252 

—103 

1.682 

0.4442 

2436 

7826 

4 

0527 

7188 

5 

6149 

— 106 

1.683 

0.4446 

2964 

5014 

4 

0533 

3231 

5 

6043 

—103 

1.684 

0.4450 

3497 

8245 

4 

0538 

9171 

5 

5940 

—106 

1.685 

0.4454 

4036 

7416 

4 

0544 

5005 

5 

5834 

—104 

1.686 

0.4458 

4581 

2421 

4 

0550 

0735 

5 

5730 

—103 

1.687 

0.4462 

5131 

3156 

4 

0555 

6362 

5 

5627 

—105 

1.688 

0.4466 

5686 

9518 

4 

0561 

1884 

5 

5522 

—102 

1.689 

0.4470 

6248 

1402 

4 

0566 

7304 

5 

5420 

—105 

1.690 

0.4474 

6814 

8706 

4 

0572 

2619 

5 

5315 

— 102 

1.691 

0.4478 

7387 

1325 

4 

0577 

7832 

5 

5213 

—104 

1.692 

0.4482 

7964 

9157 

4 

0583 

2941 

5 

5109 

—102 

1.693 

0.4486 

8548 

2098 

4 

0588 

7948 

5 

5007 

—104 

1.694 

0.4490 

9137 

0046 

4 

0594 

2851 

5 

4903 

—102 

1.695 

0.4494 

9731 

2897 

4 

0599 

7652 

5 

4801 

—102 

1.696 

0.4499 

0331 

0549 

4 

0605 

2351 

5 

4699 

— 102 

1.697 

0.4503 

0936 

2900 

4 

0610 

6948 

5 

4597 

—103 

1.698 

0.4507 

1546 

9848 

4 

0616 

1442 

5 

4494 

—100 

1.699 

0.4511 

2163 

1290 

4 

0621 

5836 

5 

4394 

—104 

1.700 

0.4515 

2784 

7126 

4 

0627 

0126 

5 

4290 

—100 

1.701 

0.4519 

3411 

7252 

4 

0632 

4316 

5 

4190 

—101 

1.702 

0.4523 

4044 

1568 

4 

0637 

8405 

5 

4089 

—103 

1.703 

0.4527 

4681 

9973 

4 

0643 

2391 

5 

3986 

—  99 

1.704 

0.4531 

5325 

2364 

4 

0648 

6278 

5 

3887 

—102 

1.705 

0.4535 

5973 

8642 

4 

0654 

0063 

5 

3785 

— 100 

1.706 

0.4539 

6627 

8705 

4 

0659 

3748 

5 

3685 

—100 

1.707 

0.4543 

7287 

2453 

4 

0664 

7333 

5 

3585 

—101 

1.708 

0.4547 

7951 

9786 

4 

0670 

0817 

5 

3484 

—100 

1.709 

0.4551 

8622 

0603 

4 

0675 

4201 

5 

3384 

—101 

1.710 

0.4555 

9297 

4804 

4 

0680 

7484 

5 

3283 

—  97 

1.711 

0.4559 

9978 

2288 

4 

0686 

0670 

5 

3186 

—102 

1.712 

0.4564 

0664 

2958 

4 

0691 

3754 

5 

3084 

—  98 

1.713 

0.4568 

1355 

6712 

4 

0696 

6740 

5 

2986 

—  99 

1.714 

0.4572 

2052 

3452 

4 

0701 

9627 

5 

2887 

—101 

1.715 

0.4576 

2754 

3079 

4 

0707 

2413 

5 

2786 

—  97 

1.716 

0.4580 

3461 

5492 

4 

0712 

5102 

5 

2689 

—  99 

1.717 

0.4584 

4174 

0594 

4 

0717 

7692 

5 

2590 

—100 

1.718 

0.4588 

4891 

8286 

4 

0723 

0182 

5 

2490 

—  96 

1.719 

0.4592 

5614 

8468 

4 

0728 

2576 

5 

2394 

—100 

1.720 

0.4596 

6343 

1044 

4 

0733 

4870 

5 

2294 

—96 

1.721 

0.4600 

7076 

5914 

4 

0738 

7068 

5 

2198 

—100 

1.722 

0.4604 

7815 

2982 

5 

2098 
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TABLK 

ir.  LOG 

10 

COSH 

X—(Con. 

tinned) 

.r 

lot] 

>•  cosh  . 

r 

A 

1 

, 

A., 

A3 

1.720 

0.4596 

6343 

1044 

4 

0733 

4870 

5 

2294 

—96 

1.721 

0.4600 

7076 

5914 

4 

0738 

7068 

5 

2198 

—100 

1.722 

0.4604 

7815 

2982 

4 

0743 

9166 

5 

2098 

—97 

1.723 

0.4608 

8559 

2148 

4 

0749 

1167 

5 

2001 

—97 

1.724 

0.4612 

9308 

3315 

4 

0754 

3071 

5 

1904 

—98 

1.725 

0.4617 

0062 

6386 

4 

0759 

4877 

5 

1806 

—97 

1.726 

0.4621 

0822 

1263 

4 

0764 

6586 

5 

1709 

—96 

1.727 

0.4625 

1586 

7849 

4 

0769 

8199 

5 

1613 

—98 

1.728 

0.4629 

2356 

6048 

4 

0774 

9714 

5 

1515 

—96 

1.729 

0.4633 

3131 

5762 

4 

0780 

1133 

5 

1419 

—97 

1.730 

0.4637 

3911 

6895 

4 

0785 

2455 

5 

1322 

—96 

1.731 

0.4641 

4696 

9350 

4 

0790 

3681 

5 

1226 

—96 

1.732 

0.4645 

5487 

3031 

4 

0795 

4811 

5 

1130 

—96 

1.733 

0.4649 

6282 

7842 

4 

0800 

5845 

5 

1034 

—96 

1.734 

0.4653 

7083 

3687 

4 

0805 

6783 

5 

0938 

—95 

1.735 

0.4657 

7889 

0470 

4 

0810 

7626 

5 

0843 

—97 

1.736 

0.4661 

8699 

8096 

4 

0815 

8372 

5 

0746 

—93 

1.737 

0.4665 

9515 

6468 

4 

0820 

9025 

5 

0653 

—98 

1.738 

0.4670 

0336 

5493 

4 

0825 

9580 

5 

0555 

—92 

1.739 

0.4674 

1162 

5073 

4 

0831 

0043 

5 

0463 

—97 

1.740 

0.4678 

1993 

5116 

4 

0836 

0409 

5 

0366 

—94 

1.741 

0.4682 

2829 

5525 

4 

0841 

0681 

5 

0272 

—93 

1.742 

0.4686 

3670 

6206 

4 

0846 

0860 

5 

0179 

—97 

1.743 

0.4690 

4516 

7066 

4 

0851 

0942 

5 

0082 

—92 

1.744 

0.4694 

5367 

8008 

4 

0856 

0932 

4 

9990 

—95 

1.745 

0.4698 

6223 

8940 

4 

0861 

0827 

4 

9895 

—93 

1.746 

0.4702 

7084 

9767 

4 

0866 

0629 

4 

9802 

—94 

1.747 

0.4706 

7951 

0396 

4 

0871 

0337 

4 

9708 

—94 

1.748 

0.4710 

8822 

0733 

4 

0875 

9951 

4 

9614 

—93 

1.749 

0.4714 

9698 

0684 

4 

0880 

9472 

4 

9521 

—92 

1.750 

0.4719 

0579 

0156 

4 

0885 

8901 

4 

9429 

—95 

1.751 

0.4723 

1464 

9057 

4 

0890 

8235 

4 

9334 

—91 

1.752 

0.4727 

2355 

7292 

4 

0895 

7478 

4 

9243 

—94 

1.753 

0.4731 

3251 

4770 

4 

0900 

6627 

4 

9149 

—92 

1.754 

0.4735 

4152 

1397 

4 

0905 

5684 

4 

9057 

—93 

1.755 

0.4739 

5057 

7081 

4 

0910 

464S 

4 

8964 

—90 

1.756 

0.4743 

5968 

1729 

4 

0915 

3522 

4 

8874 

—94 

1.757 

0.4747 

6883 

5251 

4 

0920 

2302 

4 

8780 

—91 

1.758 

0.4751 

7803 

7553 

4 

0925 

0991 

4 

8689 

—93 

1.759 

0.4755 

8728 

8544 

4 

0929 

9587 

4 

8596 

—90 

1.760 

0.4759 

9658 

8131 

4 

0934 

8093 

4 

8506 

—92 

1.761 

0.4764 

0593 

6224 

4 

0939 

6507 

4 

8414 

—91 

1.762 

0.4768 

1533 

2731 

4 

8323 
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X 

1.760 

1.761 

1.762 

1.763 

1.764 

1.765 

1.766 

1.767 

1.768 

1.769 

1.770 

1.771 

1.772 

1.773 

1.774 

1.775 

1.776 

1.777 

1.778 

1.779 

1.780 

1.781 

1.782 

1.783 

1.784 

1.785 

1.786 

1.787 

1.788 

1.789 

1.790 

1.791 

1.792 

1.793 

1.794 

1.795 

1.796 

1.797 

1.798 

1.799 

1.800 

1.801 

1.802 


TABLE  II.  LOG 
log  cosh  X 
0.4759  9658  8131 
0.4764  0593  6224 
0.4768  1533  2731 
0.4772  2477  7561 
0.4776  3427   0624 
0.4780  4381  1827 
0.4784  5340  1080 
0.4788  6303  8294 
0.4792  7272  3377 
0.4796  8245  6239 
0.4800  9223  6791 
0.4805  0206  4941 
0.4809  1194  0601 
0.4813  2186  3681 
0.4817  3183  4092 
0.4821  4185  1743 
0.4825  5191  6547 
0.4829  6202  8414 
0.4833  7218  7255 
0.4837   8239  2982 
0.4841  9264  5506 
0.4846  0294  4738 
0.4850  1329  0592 
0.4854  2368  2978 
0.4858  3412  1809 
0.4862  4460  6997 
0.4866  5513  8455 
0.4870  6571  6094 
0.4874  7633  9829 
0.4878  8700  9571 
0.4882  9772  5235 
0.4887   0848  6732 
0.4891  1929  3977 
0.4895  3014  6883 
0.4899  4104  5364 
0.4903  5198  9333 
0.4907   6297  8705 
0.4911  7401  3393 
0.4915  8509  3313 
0.4919  9621  8378 
0.4924  0738  8503 
0.4928  1860  3603 
0.4932  2986  3593 


10 


4 

4 

4 

4 

4 

4 

4 

4 
4 
4 
4 
4 
4 


COSH  X— {Continued) 

4  0934  8093 
4  0939  6507 
4  0944  4830 
4  0949  3063 
4  0954  1203 
4  0958  9253 
4  0963  7214 
4  0968  5083 
4  0973  2862 
4  0978  0552 
4  0982  8150 
4  0987  5660 
4  0992  3080 
4  0997   0411 
4  1001  7651 
4  1006  4804 
4  1011  1867 
4  1015  8841 
4  1020  5727 
4  1025  2524 
4  1029  9232 
4  1034  5854 
4  1039  2386 
4  1043  8831 
4  1048  5188 
4  1053  1458 
4  1057  7639 
4  1062  3735 
4  1066  9742 
4   1071  5664 
4   1076  1497 
4  1080  7245 
4   1085  2906 
4  1089  8481 
4  1094  3969 
4   1098  9372 
4  1103  4688 
4   1107   9920 
4  1112  5065 
4   1117   0125 
4  11' 1  5100 
4  1125  9^90 


4  8506 
8414 
8323 
8233 
8140 
8050 
7961 
7869 
7779 
7690 
7598 
7510 
7420 
7331 
4  7240 
4  7153 
7063 
6974 
6886 
6797 
6708 
6622 
6532 
6445 
6357 
6270 
6181 
6096 
6007 
5922 
5833 
5748 
5661 
5575 
5488 
5403 
5316 
5232 
5145 
5060 
4975 
4890 
4805 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


^3 

—92 

—91 

—90 

—93 

—90 

—89 

—92 

—90 

—89 

—92 

—88 

—90 

—89 

—91 

—87 

—90 

—89 

—88 

—89 

—89 

—86 

—90 

—87 

—88 

—87 

—89 

—85 

—89 

—85 

—89 

—85 

—87 

—86 

—87 

—85 

-87 

—84 

—87 

—85 

—85 

—85 

-85 
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TABLE 

1 1.  L0( 

MO 

COSH 

A'— (Coy; 

1  iiiucd) 

.V 

lo; 

L>"  cosh 

X 

Ai 

A, 

A,, 

1.800 

0.4924 

0738 

8503 

4 

1121 

5100 

4 

4975 

—85 

1.801 

0.4928 

1860 

3603 

4 

1125 

9990 

4 

4890 

—85 

1.802 

0.4932 

2986 

3593 

4 

1130 

4795 

4 

4805 

—86 

1.803 

0.4936 

4116 

8388 

4 

1134 

9514 

4 

4719 

—83 

1.804 

0.4940 

5251 

7902 

4 

1139 

4150 

4 

4636 

—84 

1.805 

0.4944 

6391 

2052 

4 

1143 

8702 

4 

4552 

—87 

1.806 

0.4948 

7535 

0754 

4 

1148 

3167 

4 

4465 

—82 

1.807 

0.4952 

8683 

3921 

4 

1152 

7550 

4 

4383 

—85 

1.808 

0.4956 

9836 

1471 

4 

1157 

1848 

4 

4298 

—S3 

1.809 

0.4961 

0993 

3319 

4 

1161 

6063 

4 

4215 

—85 

1.810 

0.4965 

2154 

9382 

4 

1166 

0193 

4 

4130 

—82 

1.811 

0.4969 

3320 

9575 

4 

1170 

4241 

4 

4048 

—85 

1.812 

0.4973 

4491 

3816 

4 

1174 

8204 

4 

3963 

—82 

1.813 

0.4977 

5666 

2020 

4 

1179 

2085 

4 

3881 

—84 

1.814 

0.4981 

6845 

4105 

4 

1183 

5882 

4 

3797 

-82 

1.815 

0.4985 

8028 

9987 

4 

1187 

9597 

4 

3715 

—84 

1.816 

0.4989 

9216 

9584 

4 

1192 

3228 

4 

3631 

—82 

1.817 

0.4994 

0409 

2812 

4 

1196 

6777 

4 

3549 

—83 

1.818 

0.4998 

1605 

9589 

4 

1201 

0243 

4 

3466 

—82 

1.819 

0.5002 

2806 

9832 

4 

1205 

3627 

4 

3384 

—82 

1.820 

0.5006 

4012 

3459 

4 

1209 

6929 

4 

3302 

—83 

1.821 

0.5010 

5222 

0388 

4 

1214 

0148 

4 

3219 

—81 

1.822 

0.5014 

6436 

0536 

4 

1218 

3286 

4 

3138 

—83 

1.823 

0.5018 

7654 

3822 

4 

1222 

6341 

4 

3055 

—80 

»  1.824 

0.5022 

8877 

0163 

4 

1226 

9316 

4 

2975 

—83 

1.825 

0.5027 

0103 

9479 

4 

1231 

2208 

4 

2892 

—81 

1.826 

0.5031 

1335 

1687 

4 

1235 

5019 

4 

2811 

—80 

1.827 

0.5035 

2570 

6706 

4 

1239 

7750 

4 

2731 

—82 

1.828 

■  0.5039 

3810 

4456 

4 

1244 

0399 

4 

2649 

—82 

1.829 

0.5043 

5054 

4855 

4 

1248 

2966 

4 

2567 

—79 

1.830 

0.5047 

6302 

7821 

4 

1252 

5454 

4 

2488 

—82 

1.831 

0.5051 

7555 

3275 

4 

1256 

7860 

4 

2406 

—80 

1.832 

0.5055 

8812 

1135 

4 

1261 

0186 

4 

2326 

—80 

1.833 

0.5060 

0073 

1321 

4 

1265 

2432 

4 

2246 

—80 

1.834 

0.5064 

1338 

3753 

4 

1269 

4598 

4 

2166 

—81 

1.835 

0.5068 

2607 

8351 

4 

1273 

6683 

4 

2085 

—80 

1.836 

0.5072 

3881 

5034 

4 

1277 

8688 

4 

2005 

—79 

1.837 

0.5076 

5159 

3722 

4 

1282 

0614 

4 

1926 

—79 

1.838 

0.5080 

6441 

4336 

4 

1286 

2461 

4 

1847 

—81 

1.839 

0.5084 

7727 

6797 

4 

1290 

4227 

4 

1766 

—78 

1.840 

0.5088 

9018 

1024 

4 

1294 

5915 

4 

1688 

—81 

1.841 

0.5093 

0312 

6939 

4 

1298 

7522 

4 

1607 

—77 

1.842 

0.5097 

1611 

4461 

4 

1530 
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TABLE  II.     LOGio  COSH  X— {Continued) 


X 

log  cosh  X 

Ai 

Ao 

As 

1.840 

0.5088  9018  1024 

4  1294  5915 

4  1688 

—81 

1.841 

0.5093  0312  6939 

4  1298  7522 

4  1607 

—77 

1.842 

0.5097   1611  4461 

4   1302  9052 

4  1530 

—80 

1.843 

0.5101  2914  3513 

4   1307  0502 

4  1450 

—79 

1.844 

0.5105  4221  4015 

4  1311  1873 

4  1371 

—77 

1.845 

0.5109  5532  5888 

4  1315  3167 

4  1294 

—81 

1.846 

0.5113  6847  9055 

4  1319  4380 

4  1213 

—77 

1.847 

0.5117   8167  3435 

4  1323  5516 

4  1136 

—78 

1.848 

0.5121  9490  8951 

4  1327  6574 

4  1058 

—79 

1.849 

0.5126  0818  5525 

4  1331  7553 

4  0979 

—76 

1.850 

0.5130  2150  3078 

4  1335  8456 

4  0903 

—80 

1.851 

0.5134  3486  1534 

4  1339  9279 

4  0823 

—77 

1.852 

0.5138  4826  0813 

4  1344  0025 

4  0746 

—76 

1.853 

0.5142  6170  0838 

4  1348  0695 

4  0670 

—80 

1.854 

0.5146  7518  1533 

4  1352  1285 

4  0590 

—75 

1.855 

0.5150  8870  2818 

4  1356  1800 

4  0515 

—78 

1.856 

0.5155  0226  4618, 

4  1360  2237 

4  0437 

—77 

1.857 

0.5159  1586  6855 

4  1364  2597 

4  0360 

—76 

1.858 

0.5163  2950  9452 

4  1368  2881 

4  0284 

—78 

1.859 

0.5167   4319  2333 

4  1372  3087 

4  0206 

—76 

1.860 

0.5171  5691  5420 

4  1376  3217 

4  0130 

—76 

1.861 

0.5175  7067  8637 

4  1380  3271 

4  0054 

—77 

1.862 

0.5179  8448  1908 

4  1384  3248 

3  9977 

—75 

1.863 

0.5183  9832,  5156 

4  1388  3150 

3  9902 

—77 

1.864 

0.5188  1220  8306 

4  1392  2975 

3  9825 

—76 

1.865 

0.5192  2613  1281 

4  1396  2724 

3  9749 

—74 

1.866 

0.5196  4009  4005 

4   1400  2399 

3  9675 

—78 

1.867 

0.5200  5409  6404 

4   1404  1996 

3  9597 

—73 

1.868 

0.5204  6813  8400 

4   1408  1520 

3  9524 

—77 

1.869 

0.5208  8221  9920 

4   1412  0967 

3  9447 

—75 

1.870 

0.5212  9634  0887 

4  1416  0339 

3  9372 

—74 

1.871 

0.5217   1050  1226 

4   1419  9637 

3  9298 

—76 

1.872 

0.5221  2470  0863 

4  1423  8859 

3  9222 

—73 

1.873 

0.5225  3893  9722 

4  1427   8008 

3  9149 

—77 

1.874 

0.5229  5321  7730 

4  1431  7080 

3  9072 

—73 

1.875 

0.5233  6753  4810 

4  1435  6079 

3  8999 

—75 

1.876 

0.5237  8189  0889 

4   1439  5003 

3  8924 

—74 

1.877 

0.5241  9628  5892 

4   1443  3853 

3  8850 

—73 

1.878 

0.5246  1071  9745 

4  1447   2630 

3  8777 

—76 

1.879 

0.5250  2519  2375 

4  1451   1331 

3  8701 

—72 

1.880 

0.5254  3970  3706 

4  1454  9960 

3  8629 

—75 

1.881 

0.5258  5425  3666 

4   1458  8514 

3  8554 

—73 

1.882 

0.5262  6884  2180 

3  8481 
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TABLE 

II.  LOG 

10  ' 

COSH 

Z-(( 

Continued) 

X 

log 

: cosh  X 

A 

1 

^■> 

^■^ 

1.880 

0.5254 

3970 

3706 

4 

1454 

9960 

3 

8629 

—75 

1.881 

0.5258 

5425 

3666 

4 

1458 

8514 

3 

8554 

—73 

1.882 

0.5262 

6884 

2180 

4 

1462 

6995 

3 

8481 

—73 

1.883 

0.5266 

8346 

9175 

4 

1466 

5403 

3 

8408 

—73 

1.884 

0.5270 

9813 

4578 

4 

1470 

3738 

3 

8335 

—75 

1.885 

0.5275 

1283 

8316 

4 

1474 

1998 

3 

8260 

—71 

1.886 

0.5279 

2758 

0314 

4 

1478 

0187 

3 

8189 

—74 

1.887 

0.5283 

4236 

0501 

4 

1481 

8302 

3 

8115 

—72 

1.888 

0.5287 

5717 

8803 

4 

1485 

6345 

3 

8043 

—74 

1.889 

0.5291 

7203 

5148 

4 

1489 

4314 

3 

7969 

—71 

1.890 

0.5295 

8692 

9462 

4 

1493 

2212 

3 

7898 

—73 

1.891 

0.5300 

0186 

1674 

4 

1497 

0037 

3 

7825 

—72 

1.892 

0.5304 

1683 

1711 

4 

1500 

7790 

3 

7753 

—72 

1.893 

0.5308 

3183 

9501 

4 

1504 

5471 

3 

7681 

—73 

1.894 

0.5312 

4688 

4972 

4 

1508 

3079 

3 

7608 

—70 

1.895 

0.5316 

6196 

8051 

4 

1512 

0617 

3 

7538 

—73 

1.896 

0.5320 

7708 

8668 

4 

1515 

8082 

3 

7465 

—71 

1.897 

0.5324 

9224 

6750 

4 

1519 

5476 

3 

7394 

—71 

1.898 

0.5329 

0744 

2226 

4 

1523 

2799 

3 

7323 

—72 

1.899 

0.5333 

2267 

5025 

4 

1527 

0050 

3 

7251 

—72 

1.900 

0.5337 

3794 

5075 

4 

1530 

7229 

3 

7179 

—69 

1.901 

0.5341 

5325 

2304 

4 

1534 

4339 

3 

7110 

—72 

1.902 

0.5345 

6859 

6643 

4 

1538 

1377 

3 

7038 

—72 

1.903 

0.5349 

8397 

8020 

4 

1541 

8343 

3 

6966 

—69 

1.904 

0.5353 

9939 

6363 

4 

1545 

5240 

3 

6897 

—71 

1.905 

0.5358 

1485 

1603 

4 

1549 

2066 

3 

6826 

—70 

1.906 

0.5362 

3034 

3669 

4 

1552 

8822 

3 

6756 

—71 

1.907 

0.5366 

4587 

2491 

4 

1556 

5507 

3 

6685 

—70 

1.908 

0.5370 

6143 

7998 

4 

1560 

2122 

3 

6615 

—69 

1.909 

0.5374 

7704 

0120 

4 

1563 

8668 

3 

6546 

—71 

1.910 

0.5378 

9267 

8788 

4 

1567 

5143 

3 

6475 

—70 

1.911 

0.5383 

0835 

3931 

4 

1571 

1548 

3 

6405 

—69 

1.912 

0.5387 

2406 

5479 

4 

1574 

7884 

3 

6336 

—69 

1.913 

0.5391 

3981 

3363 

4 

1578 

4151 

3 

6267 

—70 

1.914 

0.5395 

5559 

7514 

4 

1582 

0348 

3 

6197 

—69 

1.915 

0.5399 

7141 

7862 

4 

1585 

6476 

3 

6128 

—70 

1.916 

0.5403 

8727 

4338 

4 

1589 

2534 

3 

6058 

-68 

1.917 

0.5408 

0316 

6872 

4 

1592 

8524 

3 

5990 

—69 

1.918 

0.5412 

1909 

5396 

4 

1596 

4445 

3 

5921 

—69 

1.919 

0.5416 

3505 

9841 

4 

1600 

0297 

3 

5852 

—69 

1.920 

0.5420 

5106 

0138 

4 

1603 

6080 

3 

5783 

—67 

1.921 

0.5424 

6709 

6218 

4 

1607 

1796 

3 

5716 

—70 

1.922 

0.5428 

8316 

8014 

3 

5646 
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TABLE  II.     LOGio  COSH  X—{Coniinued) 


X 

log 

cosh  X 

Ai 

A, 

As 

1.920 

0.5420 

5106 

0138 

4 

1603 

6080 

3  5783 

— €7 

1.921 

0.5424 

6709 

6218 

4 

1607 

1796 

3  5716 

—70 

1.922 

0.5428 

8316 

8014 

4 

1610 

7442 

3  5646 

—68 

1.923 

0.5432 

9927 

5456 

4 

1614 

3020 

3  5578 

—67 

1.924 

0.5437 

1541 

8476 

4 

1617 

8531 

3  5511 

69 

1.925 

0.5441 

3159 

7007 

4 

1621 

3973 

3  5442 

—68 

1.926 

0.5445 

4781 

0980 

4 

1624 

9347 

3  5374 

—67 

1.927 

0.5449 

6406 

0327 

4 

1628 

4654 

3  5307 

—68 

1.928 

0.5453 

8034 

4981 

4 

1631 

9893 

3  5239 

—68 

1.929 

0.5457 

9666 

4874 

4 

1635 

5064 

3  5171 

— €6 

1.930 

0.5462 

1301 

9938 

4 

1639 

0169 

3  5105 

—69 

1.931 

0.5466 

2941 

0107 

4 

1642 

5205 

3  5036 

—66 

1.932 

0.5470 

4583 

5312 

4 

1646 

0175 

3  4970 

67 

1.933 

0.5474 

6229 

5487 

4 

1649 

5078 

3  4903 

—67 

1.934 

0.5478 

7879 

0565 

4 

1652 

9914 

3  4836 

—67 

1.935 

0.5482 

9532 

0479 

4 

1656 

4683 

3  4769 

—67 

1.936 

0.5487 

1188 

5162 

4 

1659 

9385 

3  4702 

—65 

1.937 

0.5491 

2848 

4547 

4 

1663 

4022 

3  4637 

—68 

1.938 

0.5495 

4511 

8569 

4 

1666 

8591 

3  4569 

—66 

1.939 

0.5499 

6178 

7160 

4 

1670 

3094 

3  4503 

—66 

1.940 

0.5503 

7849 

0254 

4 

1673 

7531 

3  4437 

—65 

1.941 

0.5507 

9522 

7785 

4 

1677 

1903 

3  4372 

—67 

1.942 

0.5512 

1199 

9688 

4 

1680 

6208 

3  4305 

—66 

1.943 

0.5516 

2880 

5896 

4 

1684 

0447 

3  4239 

—65 

1.944 

0.5520 

4564 

6343 

4 

1687 

4621 

3  4174 

—65 

1.945 

0.5524 

6252 

0964 

4 

1690 

8730 

3  4109 

—67 

1.946 

0.5528 

7942 

9694 

4 

1694 

2772 

3  4042 

—64 

1.947 

0.5532 

9637 

2466 

4 

1697 

6750 

3  3978 

—66 

1.948 

0.5537 

1334 

9216 

4 

1701 

0662 

3  3912 

—65 

1.949 

0.5541 

3035 

9878 

4 

1704 

4509 

3  3847 

—64 

1.950 

0.5545 

4740 

4387 

4 

1707 

8292 

3  3783 

—€6 

1.951 

0.5549 

6448 

2679 

4 

1711 

2009 

3  3717 

—64 

1.952 

0.5553 

8159 

4688 

4 

1714 

5662 

3  3653 

—65 

1.953 

0.5557 

9874 

0350 

4 

1717 

9250 

3  3588 

—64 

1.954 

0.5562 

1591 

9600 

4 

1721 

2774 

3  3524 

—65 

1.955 

0.5566 

3313 

2374 

4 

1724 

6233 

3  3459 

—64 

1.956 

0.5570 

5037 

8607 

4 

1727 

9628 

3  3395 

—63 

1.957 

0.5574 

6765 

8235 

4 

1731 

2960 

3  3332 

—66 

1.958 

0.5578 

8497 

1195 

4 

1734 

6226 

3  3266 

—62 

1.959 

0.5583 

0231 

7421 

4 

1737 

9430 

3  3204 

—65 

1.960 

0.5587 

1969 

6851 

4 

1741 

2569 

3  3139 

—62 

1.961 

0.5591 

3710 

9420 

4 

1744 

5646 

3  3077 

—66 

1.962 

0.5595 

5455 

5066 

3  3011 
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TABLE 

1[.  LOGio 

COSH 

X — {Con 

tinned) 

X 

log-  cosh  . 

X 

^ 

'1 

^2 

A. 

1.960 

0.5587 

1969 

6851 

4 

1741 

2569 

3 

3139 

—62 

1.961 

0.5591 

3710 

9420 

4 

1744 

5646 

3 

3077 

—66 

1.962 

0.5595 

5455 

5066 

4 

1747 

8657 

3 

3011 

—62 

1.963 

0.5599 

7203 

3723 

4 

1751 

1606 

3 

2949 

— 63 

1.964 

0.5603 

8954 

5329 

4 

1754 

4492 

3 

2886 

—64 

1.965 

0.5608 

0708 

9821 

4 

1757 

7314 

3 

2822 

—62 

1.966 

0.5612 

2466 

7135 

4 

1761 

0074 

3 

2760 

—64 

1.967 

0.5616 

4227 

7209 

4 

1764 

2770 

3 

2696 

—63 

1.968 

0.5620 

5991 

9979 

4 

1767 

5403 

3 

2633 

61 

1.969 

0.5624 

7759 

5382 

4 

1770 

7975 

3 

2572 

65 

1.970 

0.5628 

9530 

3357 

4 

1774 

0482 

3 

2507 

—60 

1.971 

0.5633 

1304 

3839 

4 

1777 

2929 

3 

2447 

—65 

1.972 

0.5637 

3081 

6768 

4 

1780 

5311 

3 

2382 

—60 

1.973 

0.5641 

4862 

2079 

4 

1783 

7633 

3 

2322 

—63 

1.974 

0.5645 

6645 

9712 

4 

1786 

9892 

3 

2259 

—62 

1.975 

0.5649 

8432 

9604 

4 

1790 

2089 

3 

2197 

—62 

1.976 

0.5654 

0223 

1693 

4 

1793 

4224 

3 

2135 

—61 

1.977 

0.5658 

2016 

5917 

4 

1796 

6298 

3 

2074 

—63 

1.978 

0.5662 

3813 

2215 

4 

1799 

8309 

3 

2011 

—61 

1.979 

0.5666 

5613 

0524 

4 

1803 

0259 

3 

1950 

—61 

1.980 

0.5670 

7416 

0783 

4 

1806 

2148 

3 

1889 

—62 

1.981 

0.5674 

9222 

2931 

4 

1809 

3975 

3 

1827 

—60 

1.982 

0.5679 

1031 

6906 

4 

1812 

5742 

3 

1767 

—63 

1.983 

0.5683 

2844 

2648 

4 

1815 

7446 

3 

1704 

—60 

1.984 

0.5687 

4660 

0094 

4 

1818 

9090 

3 

1644 

—60 

1.985 

0.5691 

6478 

9184 

4 

1822 

0674 

3 

1584 

—63 

1.986 

0.5695 

8300 

9858 

4 

1825 

2195 

3 

1521 

—58 

1.987 

0.5700 

0126 

2053 

4 

1828 

3658 

3 

1463 

—63 

1.988 

0.5704 

1954 

5711 

4 

1831 

5058 

3 

1400 

-58 

1.989 

0.5708 

3786 

0769 

4 

1834 

6400 

3 

1342 

—63 

1.990 

0.5712 

5620 

7169 

4 

1837 

7679 

3 

1279 

-58 

1.991 

0.5716 

7458 

4848 

4 

1840 

8900 

3 

1221 

—61 

1.992 

0.5720 

9299 

3748 

4 

1844 

0060 

3 

1160 

—60 

1.993 

0.5725 

1143 

3808 

4 

1847 

1160 

3 

1100 

—60 

1.994 

0.5729 

2990 

4968 

4 

1850 

2200 

3 

1040 

—59 

1.995 

0.5733 

4840 

7168 

4 

1853 

3181 

3 

0981 

—61 

1.996 

0.5737 

6694 

0349 

4 

1856 

4101 

3 

0920 

—58 

1.997 

0.5741 

8550 

4450 

4 

1859 

4963 

3 

0862 

—61 

1.998 

0.5746 

0409 

9413 

4 

1862 

5764 

3 

0801 

—58 

1.999 

0.5750 

2272 

5177 

4 

1865 

6507 

3 

0743 

—60 

2.000 

0.5754 

4138 

1684 

4 

1868 

7190 

3 

0683 

—59 

2.001 

0.5758 

6006 

8874 

4 

1871 

7814 

3 

0624 

—58 

2.002 

0.5762 

7878 

6688 

3 

0566 
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TABLE  II.     LOGio  COSH  X— (Concluded) 


X 

log 

cosh  a 

A 

1 

i 

^2 

As 

2.000 

0.5754 

4138 

1684 

3 

0683 

—59 

4 

1868 

7190 

2.001 

0.5758 

6006 

8874 

4 

1871 

7814 

3 

0624 

—58 

2.002 

0.5762 

7878 

6688 

4 

1874 

8380 

3 

0566 

—60 

2.003 

0.5766 

9753 

5068 

4 

1877 

8886 

3 

0506 

—59 

2.004 

0.5771 

1631 

3954 

4 

1880 

9333 

3 

0447 

—58 

2.005 

0.5775 

3512 

3287 

4 

1883 

9722 

3 

0389 

—58 

2.006 

0.5779 

5396 

3009 

4 

1887 

0053 

3 

0331 

—60 

2.007 

0.5783 

7283 

3062 

3 

0271 

—57 

4 

1890 

0324 

2.008 

0.5787 

9173 

3386 

3 

0214 

—59 

4 

1893 

0538 

2.009 

0.5792 

1066 

3924 

3 

0155 

—58 

4 

1896 

0693 

2.010 

0.5796 

2962 

4617 

4 

1899 

0790 

3 

0097 

—57 

2.011 

0.5800 

4861 

5407 

4 

1902 

0830 

3 

0040 

—59 

2.012 

0.5804 

6763 

6237 

4 

1905 

0811 

2 

9981 

—58 

2.013 

0.5808 

8668 

7048 

4 

1908 

0734 

2 

9923 

—58 

2.014 

0.5813 

0576 

7782 

4 

1911 

0599 

2 

9865 

—56 

2.015 

0.5817 

2487 

8381 

4 

1914 

0408 

2 

9809 

—59 

2.016 

0.5821 

4401 

8789 

4 

1917 

0158 

2 

9750 

—56 

2.017 

0.5825 

6318 

8947 

4 

1919 

9852 

2 

9694 

—58 

2.018 

0.5829 

8238 

8799 

2 

9636 

—58 

4 

1922 

9488 

2.019 

0.5834 

0161 

8287 

2 

9578 

—55 

4 

1925 

9066 

2.020 

0.5838 

2087 

7353 

4 

1928 

8589 

2 

9523 

—60 

2.021 

0.5842 

4016 

5942 

4 

1931 

8052 

2 

9463 

—53 

2.022 

0.5846 

5948 

3994 

4 

1934 

7462 

2 

9410 

60 

2.023 

0.5850 

7883 

1456 

2 

9350 

—55 

4 

1937 

6812 

2.024 

0.5854 

9820 

8268 

4 

1940 

6107 

2 

9295 

—57 

2.025 

0.5859 

1761 

4375 

2 

9238 

—56 

4 

1943 

5345 

2.026 

0.5863 

3704 

9720 

2 

9182 

—56 

4 

1946 

4527 

2.027 

0.5867 

5651 

4247 

2 

9126 

—58 

4 

1949 

3653 

2.028 

0.5871 

7600 

7900 

2 

9068 

—54 

4 

1952 

2721 

2.029 

0.5875 

9553 

0621 

4 

1955 

1735 

2 

9014 

-58 

2.030 

0.5880 

1508 

2356 

2 

8956 

—54 

4 

1958 

0691 

2.031 

0.5884 

3466 

3047 

4 

1960 

9593 

2 

8902 

2.032 

0.5888 

5427 

2640 
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TABLE  III. 

LOGio  TANII  X 

X 

log  tank 

X 

X 

log 

;•  tanh ; 

X 

0.000 

—Inf. 

0.040 

8.6018 

2845 

4038 

0.001 

6.9999 

9985 

5235 

0.041 

8.6125 

4060 

2449 

0.002 

7.3010 

2941 

6606 

0.042 

8.6229 

9403 

0299 

0.003 

7.4771 

1995 

1840 

0.043 

8.6332 

0090 

0836 

0.004 

7.6020 

5767 

5100 

0.044 

8.6431 

7253 

8317 

0.005 

7.6989 

6638 

5237 

0.045 

8.6529 

1950 

3433 

0.006 

7.7781 

4603 

8894 

0.046 

8.6624 

5166 

0459 

0.007 

7.8450 

9094 

6618 

0.047 

8.6717 

7823 

7158 

0.008 

7.9030 

8072 

2181 

0.048 

8.6809 

0787 

8408 

0.009 

7.9542 

3078 

3709 

0.049 

8.6898 

4869 

4273 

0.010 

7.9999 

8552 

3854 

0.050 

8.6986 

0830 

3235 

0.011 

8.0413 

7516 

9109 

0.051 

8.7071 

9387 

1134 

0.012 

8.0791 

6040 

0614 

0.052 

8.7156 

1214 

6329 

0.013 

8.1139 

1888 

8016 

0.053 

8.7238 

6949 

1519 

0.014 

8.1460 

9966 

3069 

0.054 

8.7319 

7191 

2571 

0.015 

8.1760 

5868 

8680 

0.055 

8.7399 

2508 

4723 

0.016 

8.2040 

8292 

5074 

0.056 

8.7477 

3437 

6409 

0.017 

8.2304 

0708 

7164 

0.057 

8.7554 

0487 

0988 

0.018 

8.2552 

2560 

4845 

0.05S 

8.7629 

4138 

6577 

0.019 

8.2787 

0134 

5252 

0.059 

8.7703 

4849 

4183 

0.020 

8.3009 

7209 

5136 

0.060 

8.7776 

3053 

4331 

0.021 

8.3221 

5546 

0013 

0.061 

8.7847 

9163 

2291 

0.022 

8.3423 

5262 

2557 

0.062 

8.7918 

3571 

2084 

0.023 

8.3616 

5126 

4876 

0.063 

8.7987 

6650 

9373 

0.024 

8.3801 

2786 

8377 

0.064 

8.8055 

8758 

3308 

0.025 

8.3978 

4954 

3847 

0.065 

8.8123 

0232 

7499 

0.026 

8.4148 

7550 

2381 

0.066 

8.8189 

1398 

0107 

0.027 

8.4312 

5824 

8548 

0.067 

8.8254 

2563 

3207 

0.028 

8.4470 

4455 

6474 

0.068 

8.8318 

4024 

1436 

0.029 

8.4622 

7627 

4564 

0.069 

8.8381 

6063 

0031 

0.030 

8.4769 

9099 

3728 

0.070 

8.8443 

8950 

2265 

0.031 

8.4912 

2260 

6021 

0.071 

8.8505 

2944 

6377 

0.032 

8.5050 

0177 

4546 

0.072 

8.8565 

8294 

2003 

0.033 

8.5183 

5633 

1027 

0.073 

8.8625 

5236 

6169 

0.034 

8.5313 

1161 

4026 

0.074 

8.8684 

3999 

8880 

0.035 

8.5438 

9075 

8108 

0.075 

8.8742 

4802 

8323 

0.036 

8.5561 

1494 

2265 

0.076 

8.8799 

7855 

5734 

0.037 

8.5680 

0360 

4300 

0.077 

8.8856 

3359 

9951 

0.038 

8.5795 

7462 

6610 

0.078 

8.8912 

1510 

1657 

0.039 

8.5908 

4449 

7835 

0.079 

8.8967 

2492 

7372 

0.040 

8.6018 

2845 

4038 

0.080 

8.9021 

6487 

3179 
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TABLE  ; 

ril.  LOGio 

TANH  X— (Continued) 

X 

lOi 

g  tanh 

X 

X 

log  tanh 

X 

O.OSO 

8.9021 

6487 

3179 

0.120 

9.0771 

0360 

8601 

0.081 

8.9075 

3666 

8222 

0.121 

9.0806 

7307 

9518 

0.082 

8.9128 

4197 

8001 

0.122 

9.0842 

1260 

2869 

0.083 

8.9180 

8240 

7452 

0.123 

9.0877 

2266 

3068 

0.084 

8.9232 

5950 

3844 

0.124 

9.0912 

0373 

2764 

0.085 

8.9283 

7475 

9519 

0.125 

9.0946 

5627 

3217 

0.086 

8.9334 

2961 

4456 

0.126 

9.0980 

8073 

4671 

0.087 

8.9384 

2545 

8693 

0.127 

9.1014 

7755 

6687 

0.088 

8.9433 

6363 

4605 

0.128 

9.1048 

4716 

8491 

0.089 

8.9482 

4543 

9075 

0.129 

9.1081 

8998 

9291 

0.090 

8.9530 

7212 

5508 

0.130 

9.1115 

0642 

8584 

0.091 

8.9578 

4490 

5762 

0.131 

9.1147 

9688 

6460 

0.092 

8.9625 

6495 

1968 

0.132 

9.1180 

6175 

3879 

0.093 

8.9672 

3339 

8239 

0.133 

9.1213 

0141 

2957 

0.094 

8.9718 

5134 

2302 

0.134 

9.1245 

1623 

7222 

0.095 

8.9764 

1984 

7037 

0.135 

9.1277 

0659 

1879 

0.096 

8.9809 

3994 

1940 

0.136 

9.1308 

7283 

4045 

0.097 

8.9854 

1262 

4500 

0.137 

9.1340 

1531 

2995 

0.098 

8.9898 

3886 

1519 

0.138 

9.1371 

3437 

0380 

0.099 

8.9942 

1959 

0357 

0.139 

9.1402 

3034 

0461 

0.100 

8.9985 

5572 

0105 

0.140 

9.1433 

0355 

0309 

0.101 

9.0028 

4813 

2731 

0.141 

9.1463 

5432 

0020 

0.102 

9.0070 

9768 

4126 

0.142 

9.1493 

8296 

2896 

0.103 

9.0113 

0520 

5144 

0.143 

9.1523 

8978 

5658 

0.104 

9.0154 

7150 

2551 

0.144 

9.1553 

7508 

8608 

0.105 

9.0195 

9735 

9958 

0.145 

9.1583 

3916 

5823 

0.106 

9.0236 

8353 

8692 

0.146 

9.1612 

8230 

5315 

0.107 

9.0277 

3077 

8642 

0.147 

9.1642 

0478 

9205 

0.108 

9.0317 

3979 

9046 

0.148 

9.1671 

0689 

3876 

0.109 

9.0357 

1129 

9263 

0.149 

9.1699 

8889 

0132 

0.110 

9.0396 

4595 

9488 

0.150 

9.1728 

5104 

3344 

0.111 

9.0435 

4444 

1460 

0.151 

9.1756 

9361 

3597 

0.112 

9.0474 

0738 

9107 

0.152 

9.1785 

1685 

5833 

0.113 

9.0512 

3542 

9195 

0.153 

9.1813 

2101 

9974 

0.114 

9.0550 

2917 

1923 

0.154 

9.1841 

0635 

1066 

0.115 

9.0587 

8921 

1506 

0.155 

9.1868 

7308 

9399 

0.116 

9.0625 

1612 

6726 

0.156 

9.1896 

2147 

0628 

0.117 

9.0662 

1048 

1467 

0.157 

9.1923 

5172 

5897 

0.118 

9.0698 

7282 

5214 

0.158 

9.1950 

6408 

1946 

0.119 

9.0735 

0369 

3547 

0.159 

9.1977 

5876 

1232 

0.120 

9.0771 

0360 

8601 

0.160 

9.2004 

3598 

2025 

YoL.  1]  Pcrnot-Wooch. — Logarithms  of  Hyperholic  Functions  399 


TABLE  III.  LOGio 

X  log  tauli  X 

0.160     9.2004  3598  2025 

0.161     9.2030  9595  8521 

0.162  9.2057  3890  0942 

0.163  9.2083  6501  5627 

0.164  9.2109  7450  5136 

0.165  9.2135  6756  8337 

0.166  9.2161  4440  0498 

0.167  9.2187  0519  3364 

0.168  9.2212  5013  5261 

0.169  9.2237  7941   1153 

0.170  9.2262  9320  2740 

0.171  9.2287  9168  8527 

0.172  9.2312  7504  3901 

0.173  9.2337  4344  1196 

0.174  9.2361  9704  9774 

0.175  9.2386  3603  6088 

0.176  9.2410  6056  3749 

0.177  9.2434  7079  3586 

0.178  9.2458  6688  3717 

0.179  9.2482  4898  9606 

0.180  9.2506  1726  4117 

0.181  9.2529  7185  7579 

0.182  9.2553  1291  7843 

0.183  9.2576  4059  0324 

0.184  9.2599  5501  8073 

0.185  9.2622  5634  1807 

0.186  9.2645  4469  9980 

0.187  9.2668  2022  8814 

0.188  9.2690  8306  2362 

0.189  9.2713  3333  2540 

0.190  9.2735  7116  9181 

0.191  9.2757  9670  0076 

0.192  9.2780  1005  1020 

0.193  9.2802  1134  5845 

0.194  9.2824  0070  6469 

0.195  9.2845  7825  2935 

0.196  9.2867  4410  3442 

0.197  9.2888  9837  4392 

0.198  9.2910  4118  0419 

0.199  9.2931  7263  4426 

0.200  9.2952  9284  7624 


TANIi  X— (Continued) 


X 

lo, 

g  tanh 

X 

0.200 

9.2952 

9284 

7624 

0.201 

9.2974 

0192 

9562 

0.202 

9.2994 

9998 

8164 

0.203 

9.3015 

8712 

9751 

0.204 

9.3036 

6345 

9087 

0.205 

9.3057 

2907 

9398 

0.206 

9.3077 

8409 

2404 

0.207 

9.3098 

2859 

8356 

0.208 

9.3118 

6269 

6054 

0.209 

9.3138 

8648 

2881 

0.210 

9.3159 

0005 

4829 

0.211 

9.3179 

0350 

6523 

0.212 

9.3198 

9693 

1250 

0.213 

9.3218 

8042 

0983 

0.214 

9.3238 

5406 

6405 

0.215 

9.3258 

1795 

6937 

0.216 

9.3277 

7218 

0750 

0.217 

9.3297 

1682 

4803 

0.218 

9.3316 

5197 

4856 

0.219 

9.3335 

7771 

5496 

0.220 

9.3354 

9413 

0157 

0.221 

9.3374 

0130 

1138 

0.222 

9.3392 

9930 

9629 

0.223 

9.3411 

8823 

5724 

0.224 

9.3430 

6815 

8451 

0.225 

9.3449 

3915 

5782 

0.226 

9.3468 

0130 

4652 

0.227 

9.3486 

5468 

0983 

0.228 

9.3504 

9935 

9698 

0.229 

9.3523 

3541 

4740 

0.230 

9.3541 

6291 

9086 

0.231 

9.3559 

8194 

4767 

0.232 

9.3577 

9256 

2886 

0.233 

9.3595 

9484 

3629 

0.234 

9.3613 

8885 

6281 

0.235 

9.3631 

7466 

9248 

0.236 

9.3649 

5235 

0065 

0.237 

9.3667 

2196 

5413 

0.238 

9.3684 

8358 

1136 

0.239 

9.3702 

3726 

2247 

0.240 

9.3719 

8307 

2957 
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TABLE  III.  LOGio 
X  log  tanh  x 

0.240  9.3719  8307  2957 

0.241  9.3737  2107  6669 

0.242  9.3754  5133  6004 

0.243  9.3771  7391  2816 

0.244  9.3788  8886  8196 

0.245  9.3805  9626  2486 

0.246  9.3822  9615  5298 

0.247  9.3839  8860  5521 

0.248  9.3856  7367  1328 

0.249  9.3873  5141  0198 

0.250  9.3890  2187  8919 

0.251  9.3906  8513  3603 

0.252  9.3923  4122  9694 

0.253  9.3939  9022  1980 

0.254  9.3956  3216  4607 

0.255  9.3972  6711  1082 

0.256  9.3988  9511  4287 

0.257  9.4005  1622  6489 

0.258  9.4021  3049  9349 

0.259  9.4037  3798  3931 

0.260  9.4053  3873  0712 

0.261  9.4069  3278  9587 

0.262  9.4085  2020  9887 

0.263  9.4101  0104  l0379 

0.264  9.4116  7532  9278 

0.265  9.4132  4312  4254 

0.266  9.4148  0447  2442 

0.267  9.4163  5942  0450 

0.268  9.4179  0801  4363 

0.269  9.4194  5029  9758 

0.270  9.4209  8632  1705 

0.271  9.4225  1612  4777 

0.272  9.4240  3975  3059 

0.273  9.4255  5725  0150 

0.274  9.4270  6865  9178 

0.275  9.4285  7402  2797 

0.276  9.4300  7338  3205 

0.277  9.4315  6678  2140 

0.278  9.4330  5426  0895 

0.279  9.4345  3586  0321 

0.280  9.4360  1162  0829 


TANH  X— {Continued) 


X 

log 

:  tanh  X 

0.280 

9.4360 

1162 

0829 

0.281 

9.4374 

8158 

2405 

0.282 

9.4389 

4578 

4609 

0.283 

9.4404 

0426 

6587 

0.284 

9.4418 

5706 

7067 

0.285 

9.4433 

0422 

4378 

0.286 

9.4447 

4577 

6448 

0.287 

9.4461 

8176 

0808 

0.288 

9.4476 

1221 

4600 

0.289 

9.4490 

3717 

4584 

0.290 

9.4504 

5667 

7142 

0.291 

9.4518 

7075 

8282 

0.292 

9.4532 

7945 

3643 

0.293 

9.4546 

8279 

8506 

0.294 

9.4560 

8082 

7789 

0.295 

9.4574 

7357 

6057 

0.296 

9.4588 

6107 

7533 

0.297 

9.4602 

4336 

6087 

0.298 

9.4616 

2047 

5256 

0.299 

9.4629 

9243 

8242 

0.300 

9.4643 

5928 

7922 

0.301 

9.4657 

2105 

6836 

0.302 

9.4670 

7777 

7210 

0.303 

9.4684 

2948 

0953 

0.304 

9.4697 

7619 

9661 

0.305 

9.4711 

1796 

4621 

0.306 

9.4724 

5480 

6815 

0.307 

9.4737 

8675 

6924 

0.308 

9.4751 

1384 

5334 

0.309 

9.4764 

3610 

2136 

0.310 

9.4777 

5355 

7132 

0.311 

9.4790 

6623 

9844 

0.312 

9.4803 

7417 

9505 

0.313 

9.4816 

7740 

5074 

0.314 

9.4829 

7594 

5234 

0.315 

9.4842 

6982 

8398 

0.316 

9.4855 

5908 

2712 

0.317 

9.4868 

4373 

6053 

0.318 

9.4881 

2381 

6048 

0.319 

9.4893 

9935 

0056 

0.320 

9.4906 

7036 

5185 
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TABLE  ; 

[II.  LOGio 

TANII  X—(Con 

tinued) 

X 

lo- 

[2:  tanh 

T 

X 

loj^  tanh 

X 

0.320 

9.4906 

7036 

5185 

0.360 

9.5380 

8844 

2963 

0.321 

9.4919 

3688 

8292 

0.361 

9.5391 

9476 

9416 

0.322 

9.4931 

9894 

5985 

0.362 

9.5402 

9752 

2150 

0.323 

9.4944 

5656 

4631 

0.363 

9.5413 

9671 

9800 

0.324 

9.4957 

0977 

0351 

0.364 

9.5424 

9238 

0844 

0.325 

9.4969 

5858 

9027 

0.365 

9.5435 

8452 

3611 

0.326 

9.4982 

0304 

6309 

0.366 

9.5446 

7316 

6286 

0.327 

9.4994 

4316 

7611 

0.367 

9.5457 

5832 

6903 

0.32S 

9.5006 

7897 

8117 

0.368 

9.5468 

4002 

3354 

0.329 

9.5019 

.  1050 

2783 

0.369 

9.5479 

1827 

3384 

0.330 

9.5031 

3776 

6342 

0.370 

9.5489 

9309 

4603 

0.331 

9.5043 

6079 

3302 

0.371 

9.5500 

6450 

4474 

0.332 

9.5055 

7960 

7955 

0.372 

9.5511 

3252 

0324 

0.333 

9.5067 

9423 

4378 

0.373 

9.5521 

9715 

9345 

0.334 

9.5080 

0469 

6428 

0.374 

9.5532 

5843 

8591 

0.335 

9.5092 

1101 

7756 

0.375 

9.5543 

1637 

4984 

0.336 

9.5104 

1322 

1800 

0.376 

9.5553 

7098 

5308 

0.337 

9.5116 

1133 

1794 

0.377 

9.5564 

2228 

6221 

0.338 

9.5128 

0537 

0770 

0.378 

9.5574 

7029 

4249 

0.339 

9.5139 

9536 

1554 

0.379 

9.5585 

1502 

5790 

0.340 

9.5151 

8132 

6775 

0.380 

9.5595 

5649 

7115 

0.341 

9.5163 

6328 

8865 

0.381 

9.5605 

9472 

4367 

0.342 

9.5175 

4127 

0061 

0.382 

9.5616 

2972 

3568 

0.343 

9.5187 

1529 

2410 

0.383 

9.5626 

6151 

0615 

0.344 

9.5198 

8537 

7767 

0.384 

9.5636 

9010 

1280 

0.345 

9.5210 

5154 

7798 

0.385 

9.5647 

1551 

1216 

0.346 

9.5222 

1382 

3986 

0.386 

9.5657 

3775 

5963 

0.347 

9.5233 

7222 

7630 

0.387 

9.5667 

5685 

0933 

0.348 

9.5245 

2677 

9846 

0.388 

9.5677 

7281 

1427 

0.349 

9.5256 

7750 

1570 

0.389 

9.5687 

8565 

2628 

0.350 

9.5268 

2441 

3565 

0.390 

9.5697 

9538 

9606 

0.351 

9.5279 

6753 

6416 

0.391 

9.5708 

0203 

7317 

0.352 

9.5291 

0689 

0535 

0.392 

9.5718 

0561 

0602 

0.353 

9.5302 

4249 

6162 

0.393 

9.5728 

0612 

4196 

0.354 

9.5313 

7437 

3370 

0.394 

9.5738 

0359 

2720 

0.355 

9.5325 

0254 

2062 

0.395 

9.5747 

9803 

0688 

0.356 

9.5336 

2702 

1978 

0.396 

9.5757 

8945 

2505 

0.357 

9.5347 

4783 

2692 

0.397 

9.5767 

7787 

2470 

0.358 

9.5358 

6499 

3620 

0.398 

9.5777 

6330 

4777 

0.359 

9.5369 

7852 

4011 

0.399 

9.5787 

4576 

3516 

0.360 

9.5380 

8844 

2963 

0.400 

9.5797 

2526 

2671 
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TABLE  III.  LOGio 
X  log  tanh  x 

0.400  9.5797  2526  2671 

0.401  9.5807  0181  6125 

0.402  9.5816  7543  7658 

0.403  9.5826  4614  0955 

0.404  9.5836  1393  9595 

0.405  9.5845  7884  7062 

0.406  9.5855  4087  6743 

0.407  9.5865  0004  1927 

0.408  9.5874  5635  5806 

0.409  9.5884  0983  1481 

0.410  9.5893  6048  1957 

0.411  9.5903  0832  0146 

0.412  9.5912  5335  8872 

0.413  9.5921  9561  0861 

0.414  9.5931  3508  8757 

0.415  9.5940  7180  5108 

0.416  9.5950  0577  2377 

0.417  9.5959  3700  2938 

0.418  9.5968  6550  9079 

0.419  9.5977  9130  3004 

0.420  9.5987  1439  6831 

0.421  9.5996  3480  2589 

0.422  9.6005  5253  2232 

0.423  9.6014  6759  7623 

0.424  9.6023  8001  0552 

0.425  9.6032  8978  2718 

0.426  9.6041  9692  5749 

0.427  9.6051  0145  1189 

0.428  9.6060  0337  0501 

0.429  9.6069  0269  5075 

0.430  9.6077  9943  6219 

0.431  9.6086  9360  5167 

0.432  9.6095  8521  3078 

0.433  9.6104  7427  1035 

0.434  9.6113  6079  0044 

0.435  9.6122  4478  1039 

0.436  9.6131  2625  4882 

0.437  9.6140  0522  2361 

0.438  9.6148  8169  4195 

0.439  9.6157  5568  1025 

0.440  9.6166  2719  3431 


TANH  X— {Continued) 


X 

log 

\  tanh  X 

0.440 

9.6166 

2719 

3431 

0.441 

9.6174 

9624 

1914 

0.442 

9.6183 

6283 

6912 

0.443 

9.6192 

2698 

8794 

0.444 

9.6200 

8870 

7857 

0.445 

9.6209 

4800 

4334 

0.446 

9.6218 

0488 

8388 

0.447 

9.6226 

5937 

0122 

0.448 

9.6235 

1145 

9569 

0.449 

9.6243 

6116 

6694 

0.450 

9.6252 

0850 

1405 

0.451 

9.6260 

5347 

3542 

0.452 

9.6268 

9609 

2882 

0.453 

9.6277 

3636 

9136 

0.454 

9.6285 

7431 

1960 

0.455 

9.6294 

0993 

0944 

0.456 

9.6302 

4323 

5617 

0.457 

9.6310 

7423 

5449 

0.458 

9.6319 

0293 

9848 

0.459 

9.6327 

2935 

8164 

0.460 

9.6335 

5349 

9688 

0.461 

9.6343 

7537 

3650 

0.462 

9.6351 

9498 

9228 

0.463 

9.6360 

1235 

5538 

0.464 

9.6368 

2748 

1639 

0.465 

9.6376 

4037 

6534 

0.466 

9.6384 

5104 

9171 

0.467 

9.6392 

5950 

8444 

0.468 

9.6400 

6576 

3187 

0.469 

9.6408 

6982 

2185 

0.470 

9.6416 

7169 

4165 

0.471 

9.6424 

7138 

7801 

0.472 

9.6432 

6891 

1718 

0.473 

9.6440 

6427 

4483 

0.474 

9.6448 

5748 

4611 

0.475 

9.6456 

4855 

0571 

0.476 

9.6464 

3748 

0771 

0.477 

9.6472 

2428 

3581 

0.478 

9.6480 

0896 

7307 

0.479 

9.6487 

9154 

0214 

0.480 

9.6495 

7201 

0515 

Vol.  1]  Pcrnot-Woods. — Logarithms  of  Hy perl) olic  Functions  403 


1 

TABLE  ]ir. 

LOG 

!io  TANJI  A'- 

-(Continued) 

X 

lo^  taiih 

X 

^1 

I 

A 

'•> 

A., 

A4 

0.480 

9.6495 

7201 

0515 

7 

7837 

5854 

—209 

4447 

8118 

—41 

0.481 

9.6503 

5038 

6369 

7 

7628 

9525 

—208 

6329 

8065 

—53 

0.482 

9.6511 

2667 

5894 

7 

7421 

1261 

—207 

8264 

8016 

—49 

0.483 

9.6519 

0088 

7155 

7 

7214 

1013 

—207 

0248 

7973 

—43 

0.484 

9.6526 

7302 

8168 

7 

7007 

8738 

—206 

2275 

7920 

—53 

0.485 

9.6534 

4310 

6906 

7 

6802 

4383 

—205 

4355 

7879 

—41 

0.486 

9.6542 

1113 

1289 

7 

6597 

7907 

—204 

6476 

7828 

—51 

0.487 

9.6549 

7710 

9196 

7 

6393 

9259 

—203 

8648 

7781 

—47 

0.488 

9.6557 

4104 

8455 

7 

6190 

8392 

—203 

0867 

7741 

—40 

0.489 

9.6565 

0295 

6847 

7 

5988 

5266 

— 202 

3126 

7690 

—51 

0.490 

9.6572 

6284 

2113 

7 

5786 

9830 

—201 

5436 

7649 

—41 

0.491 

9.6580 

2071 

1943 

7 

5586 

2043 

—200 

7787 

7602 

—47 

0.492 

9.6587 

7657 

3986 

7 

5386 

1858 

—200 

0185 

7559 

43 

0.493 

9.6595 

3043 

5844 

7 

5186 

9232 

—199 

2626 

7513 

—46 

0.494 

9.6602 

8230 

5076 

7 

4988 

4119 

—198 

5113 

7472 

—41 

0.495 

9.6610 

3218 

9195 

7 

4790 

6478 

— 197 

7641 

7428 

—44 

0.496 

9.6617 

8009 

5673 

7 

4593 

6265 

—197 

0213 

7386 

42 

0.497 

9.6625 

2603 

1938 

.  7 

4397 

3438 

—196 

2827 

7338 

—48 

0.498 

9.6632 

7000 

5376 

7 

4201 

7949 

—195 

5489 

7306 

—32 

0.499 

9.6640 

1202 

3325 

7 

4006 

9766 

—194 

8183 

7255 

—51 

0.500 

9.6647 

5209 

3091 

7 

3812 

8838 

—194 

0928 

7218 

—37 

0.501 

9.6654 

9022 

1929 

7 

3619 

5128 

—193 

3710 

7176 

— 42 

0.502 

9.6662 

2641 

7057 

7 

3426 

8594 

—192 

6534 

7134 

—42 

0.503 

9.6669 

6068 

5651 

7 

3234 

9194 

—191 

9400 

7095 

—39 

0.504 

9.6676 

9303 

4845 

7 

3043 

6889 

—191 

2305 

7053 

—42 

0.505 

9.6684 

2347 

1734 

7 

2853 

1637 

—190 

5252 

7015 

-38 

0.506 

9.6691 

5200 

3371 

7 

2663 

3400 

—189 

8237 

6977 

-38 

0.507 

9.6698 

7863 

6771 

7 

2474 

2140 

—189 

1260 

6933 

—44 

0.508 

9.6706 

0337 

8911 

7 

2285 

7813 

—188 

4327 

6898 

—35 

0.509 

9.6713 

2623 

6724 

7 

2098 

0384 

—187 

7429 

6857 

—41 

0.510 

9.6720 

4721 

7108 

7 

1910 

9812 

—187 

0572 

6822 

—35 

0.511 

9.6727 

6632 

6920 

7 

1724 

6062 

—186 

3750 

6778 

44 

0.512 

9.6734 

8357 

2982 

7 

1538 

9090 

—185 

6972 

6746 

—32 

0.513 

9.6741 

9896 

2072 

7 

1353 

8864 

—185 

0226 

6707 

—39 

0.514 

9.6749 

1250 

0936 

7 

1169 

5345 

—184 

3519 

6669 

—38 

0.515 

9.6756 

2419 

6281 

7 

0985 

8495 

—183 

6850 

6630 

—39 

0.516 

9.6763 

3405 

4776 

7 

0802 

8275 

—183 

0220 

6598 

—32 

0.517 

9.6770 

4208 

3051 

7 

0620 

4653 

—182 

3622 

6560 

—33 

0.518 

9.6777 

4828 

7704 

7 

0438 

7591 

—181 

7062 

6523 

—37 

0.519 

9.6784 

5267 

5295 

7 

0257 

7052 

—181 

0539 

6486 

—37 

0.520 

9.6791 

5525 

2347 

7 

0077 

2999 

—180 

4053 

6453 

—33 

0.521 

9.6798 

5602 

5346 

6 

9897 

5399 

—179 

7600 

6420 

—33 

0.522 

9.6805 

5500 

0745 

—179 

1180 

—41 

404 


X 
0.520 
0.521 
0.522 
0.523 
0.524 
0.525 
0.526 
0.527 
0.52S 
0.529 
0.530 
0.531 
0.532 
0.533 
0.534 
0.535 
0.536 
0.537 
0.538 
0.539 
0.540 
0.541 
0.542 
0.543 
0.544 
0.545 
0.546 
0.547 
0,54S 
0.549 
0.550 
0.551 
0.552 
0.553 
0.554 
0.555 
0.556 
0.557 
0.55S 
0.559 
0.560 
0.561 
0.562 
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lo 

9.6791 

9.6798 

9.6805 

9.6812 

9.6819 

9.6826 

9.6833 

9.6840 

9.6847 

9.6853 

9.6860 

9.6867 

9.6874 

9.6881 

9.6888 

9.6894 

9.6901 

9.6908 

9.6914 

9.6921 

9.6928 

9.6935 

9.6941 

9.6948 

9.6954 

9.6961 

9.6968 

9.6974 

9.6981 

9.6987 

9.6994 

9.7000 

9.7007 

9.7013 

9.7020 

9.7026 

9.7032 

9.7039 

9.7045 

9.7052 

9.7058 

9.7064 

9.7071 


TABLE  III. 
g  tanh  X 


LOGin  TANH  X- 


Ai 


5525  2347 
5602  5346 
5500  0745 
5218  4964 
4758  4382 
4120  5347 
3305  4173 
2313  7139 
1146  0489 
9803  0436 
8285  3156 
6593  4794 
4728  1463 
2689  9244 
0479  4183 
8097   2292 
5543  9558 
2820  1930 
9926  5328 
6863  5642 
3631  8729 
0232  0417 
6664  6501 
2930  2748 
9029  4894 
4962  8646 
0730  9679 
6334  3642 
1773  6152 
7049  2798 
2161  9141 
7112  0713 
1900  3016 
6527   1526 
0993  1691 
5298  8930 
9444  8635 
3431  6173 
7259  6877 
0929  6061 
4441  9005 
7797  0970 
0995  7186 


7 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


0077  2999 

9897  5399 

9718  4219 

9539  9418 

9362  0965 

9184  8826 

9008  2966 

8832  3350 

8656  9947 

8482  2720 

8308  1638 

8134  6669 

7961  7781 

7789  4939 

7617  8109 

7446  7266 

7276  2372 

7106  3398  * 

6937  0314 

6768  3087 

6600  1688 

6432  6084 

6265  6247 

6099  2146 

5933  3752 

5768  1033 

5603  3963 

5439  2510 

5275  6646 

5112  6343 

4950  1572 

6  4788  2303 

6  4626  8510 

6  4466  0165 

6  4305  7239 

6  4145  9705 

6  3986  7538 

3828  0704 

3669  9184 

3512  2944 

3355  1965 

3198  6216 


-(Continued) 

Ao 

—180  4053 

—179  7600 

—179  1180 

—178  4801 

—177  8453 

— 177  2139 

—176  5860 

— 175  9616 

—175  3403 

—174  7227 

— 174  1082 

— 173  4969 

— 172  8888 

— 172  2842 

— 171  6830 

—171  0843 

— 170  4894 

—169  8974 

—169  3084 

— 168  7227 

— 168  1399 

—167  5604 

—166  9837 

—166  4101 

—165  8394 

— 165  2719 

—164  7070 

— 164  1453 

—163  5864 

—163  0303 

—162  4771 

—161  9269 

—161  3793 

— 160  8345 

— 160  2926 

— 159  7534 

—159  2167 

—158  6834 

—158  1520 

—157  6240 

—157  0979 

—156  5749 

—156  0546 


6453 

6420 

6379 

6348 

6314 

6279 

6244 

6213 

6176 

6145 

6113 

6081 

6046 

6012 

5987 

5949 

5920 

5890 

5857 

5828 

5795 

5767 

5736 

5707 

5675 

5649 

5617 

5589 

5561 

5532 

5502 

5476 

5448 

5419 

5392 

5367 

5333 

5314 

5280 

5261 

5230 

5203 


—33 
—33 


—31 

—34 

—35 

—35 

—31 

—57 

—31 

—32 

—32 

—35 

—34 

—25 

—38 

—29 

—30 

—33 

—29 

—33 

—28 

—31 

—29 

—32 

—26 

—32 

-28 

—28 

—29 

—30 

—26 

—28 

—29 

—27 

—25 

—34 

—19 

—34 

—19 

—31 

—27 

—24 
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TABLE  III. 

LOGio  TANK  X- 

-(Continued) 

.V 

lo^  tanh 

.r 

A. 

L 

A 

,.-, 

A3 

A, 

0.560 

9.7058 

4441 

9005 

6 

3355 

1965 

—157 

0979 

5230 

—31 

0.561 

9.7064 

7797 

0970 

6 

3198 

6216 

—156 

5749 

5203 

—27 

0.562 

9.7071 

0995 

7186 

6 

3042 

5670 

—156 

0546 

5179 

—24 

0.563 

9.7077 

4038 

2856 

6 

2887 

0303 

—155 

5367- 

5155 

—24 

0.564 

9.7083 

6925 

3159 

6 

2732 

0091 

—155 

0212 

5126 

—29 

0.565 

9.7089 

9657 

3250 

6 

2577 

5005 

—154 

5086 

5098 

—28 

0.566 

9.7096 

2234 

8255 

6 

2423 

5017 

—153 

9988 

5079 

—19 

0.567 

9.7102 

4658 

3272 

6 

2270 

0108 

—153 

4909 

5052 

—27 

0.56S 

9.7108 

6928 

3380 

6 

2117 

0251 

—152 

9857 

5025 

—27 

0.569 

9.7114 

9045 

3631 

6 

1964 

5419 

—152 

4832 

5003 

—22 

0.570 

9.7121 

1009 

9050 

6 

1812 

5590 

—151 

9829 

4976 

—27 

0.571 

9.7127 

2822 

4640 

6 

1661 

0737 

—151 

4853 

4953 

—23 

0.572 

9.7133 

4483 

5377 

6 

1510 

0837 

—150 

9900 

4926 

—27 

0.573 

9.7139 

5993 

6214 

6 

1359 

5863 

—150 

4974 

4906 

—20 

0.574 

9.7145 

7353 

2077 

6 

1209 

5795 

—150 

0068 

4879 

—27 

0.575 

9.7151 

8562 

7872 

6 

1060 

0606 

—149 

5189 

4858 

—21 

0.576 

9.7157 

9622 

8478 

6 

0911 

0275 

— 149 

0331 

4831 

—27 

0.577 

9.7164 

0533 

8753 

6 

0762 

4775 

-148 

5500 

4811 

—20 

0.578 

9.7170 

1296 

3528 

6 

0614 

4086 

—148 

0689 

4784 

—27 

0.579 

9.7176 

1910 

7614 

6 

0466 

8181 

—147 

5905 

4765 

—19 

0.580 

9.7182 

2377 

5795 

6 

0319 

7041 

—147 

1140 

4740 

—25 

0.581 

9.7188 

2697 

2836 

6 

0173 

0641 

—146 

6400 

4715 

—25 

0.582 

9.7194 

2870 

3477 

6 

0026 

8956 

—146 

1685 

4697 

—IS 

0.583 

9.7200 

2897 

2433 

5 

9881 

1968 

—145 

6988 

4672 

—25 

0.584 

9.7206 

2778 

4401 

5 

9735 

9652 

—145 

2316 

4648 

—24 

0.585 

9.7212 

2514 

4053 

5 

9591 

1984 

—144 

7668 

4627 

— 21 

0.586 

9.7218 

2105 

6037 

5 

9446 

8943 

—144 

3041 

4609 

—18 

0.587 

9.7224 

1552 

4980 

5 

9303 

0511 

—143 

8432 

4582 

—27 

0.588 

9.7230 

0855 

5491 

5 

9159 

6661 

—143 

3850 

4563 

—19 

0.589 

9.7236 

0015 

2152 

5 

9016 

7374 

— 142 

9287 

4538 

—25 

0.590 

9.7241 

9031 

9526 

5 

8874 

2625 

—142 

4749 

4519 

—19 

0.591 

9.7247 

7906 

2151 

5 

8732 

2395 

—142 

0230 

4499 

—20 

0.592 

9.7253 

6638 

4546 

5 

8590 

6664 

—141 

5731 

4476 

—23 

0.593 

9.7259 

5229 

1210 

5 

8449 

5409 

—141 

1255 

4455 

—21 

0.594 

9.7265 

3678 

6619 

5 

8308 

8609 

—140 

6800 

4434 

—21 

0.595 

9.7271 

1987 

5228 

5 

8168 

6243 

—140 

2366 

4415 

—19 

0.596 

9.7277 

0156 

1471 

5 

8028 

8292 

—139 

7951 

4394 

— 21 

0.597 

9.7282 

S184 

9763 

5 

7889 

4735 

—139 

3557 

4372 

—22 

0.598 

9.7288 

6074 

4498 

5 

7750 

5550 

-138 

9185 

4353 

—19 

0.599 

9.7294 

3825 

0048 

5 

7612 

0718 

—138 

4832 

4330 

—23 

0.600 

9.7300 

1437 

0766 

5 

7474 

0216 

—138 

0502 

4313 

—17 

0.601 

9.7305 

8911 

0982 

5 

7336 

4027 

—137 

6189 

4292 

—21 

0.602 

9.7311 

6247 

5009 

—137 

1897 

—19 

406 


X 
0.600 
0.601 
0.602 
0.603 
0.604 
0.605 
0.606 
0.607 
0.608 
0.609 
0.610 
0.611 
0.612 
0.613 
0.614 
0.615 
0.616 
0.617 
0.618 
0.619 
0.620 
0.621 
0.622 
0.623 
0.624 
0.625 
0.626 
0.627 
0.628 
0.629 
0.630 
0.631 
0.632 
0.633 
0.634 
0.635 
0.636 
0.637 
0.638 
0.639 
0.640 
0.641 
0.642 
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TABLE  III. 
log  tanh  X 
9.7300  1437  0766 
9.7305  8911  0982 
9.7311  6247  5009 
9.7317  3446  7139 
9.7323  0509  1645 
9.7328  7435  2780 
9.7334  4225  4776 
9.7340  0880  1848 
9.7345  7399  8190 
9.7351  3784  7977 
9.7357  0035  5367 
9.7362  6152  4494 
9.7368  2135  9479 
9.7373  7986  4423 
9.7379  3704  3405 
9.7384  9290  0488 
9.7390  4743  9719 
9.7396  0066  5122 
9.7401  5258  0706 
9.7407   0319  0460 
9.7412  5249  8359 
9.7418  0050  8357 
9.7423  4722  4392 
9.7428  9265  0381 
9.7434  3679  0229 
9.7439  7964  7819 
9.7445  2122  7021 
9.7450  6153  1683 
9.7456  0056  5641 
9.7461  3833  2712 
9.7466  7483  6696 
9.7472  1008  1374 
9.7477  4407   0514 
9.7482  7680  7868 
9.7488  0829  7169 
9.7493  3854  2135 
9.7498  6754  6470 
9.7503  9531  3858 
9.7509  2184  7971 
9.7514  4715  2460 
9.7519  7123  0964 
9.7524  9408  7106 
9.7530  1572  4493 


LOGin  TANH  X— 


no 


Ai 


5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


7474  0216 
7336  4027 
7199  2130 
7062  4506 
6926  1135 
6790  1996 
6654  7072 
6519  6342 
6384  9787 
6250  7390 
6116  9127 
5983  4985 
5850  4944 
5717   8982 
5585  7083 
5453  9231 
5322  5403 
5191  5584 
5060  9754 
4930  7899 
4800  9998 
4671  6035 
4542  5989 
4413  9848 
4285  7590 
4157   9202 
4030  4662 
3903  3958 
3776  7071 
3650  3984 
3524  4678 
3398  9140 
3273  7354 
3148  9301 
3024  4966 
2900  4335 
2776  7388 
2653  4113 
2530  4489 
2407   8504 
2285  6142 
2163  7387 


(Continued) 

A. 

— 138  0502 
—137  6189 
— 137  1897 
—136  7624 
—136  3371 
—135  9139 
— 135  4924 
— 135  0730 
—134  6555 
— 134  2397 
—133  8263 
— 133  4142 
— 133  0041 
—132  5962 
— 132  1899 
— 131  7852 
—131  3828 
—130  9819 
—130  5830 
—130  1855 
— 129  7901 
— 129  3963 
— 129  0046 
—128  6141 
—128  2258 
— 127   8388 
— 127   4540 
— 127   0704 
— 126  6887 
—126  3087 
—125  9306 
—125  5538 
—125  1786 
— 124  8053 
— 124  4335 
—124  0631 
—123  6947 
—123  3275 
— 122  9624 
— 122  5985 
— 122  2362 
—121  8755 
—121  5163 


^3 

4313 

4292 

4273 

4253 

4232 

4215 

4194 

4175 

4158 

4134 

4121 

4101 

4079 

4063 

4047 

4024 

4009 

3989 

3975 

3954 

3938 

3917 

3905 

3883 

3870 

3848 

3836 

3817 

3800 

3781 

3768 

3752 

3733 

3718 

3704 

3684 

3672 

3651 

3639 

3623 

3607 

3592 


— 17 

—21 

—19 

—20 

—21 

—17 

— 21 

—19 

—17 

—24 

—13 

—20 

—22 

—16 

—16 

—23 

—15 

—20 

—14 

—21 

—16 

—21 

— 12 

—22 

—13 

—22 

—12 

—19 

—17 

—19 

—13 

—16 

—19 

—15 

—14 

—20 

—12 

—21 

—12 

—16 

—16 

—15 

—15 
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TABLE  III. 
•f  log  tanli  X 

0.640     9.7519  7123  0964 
0.641     9.7524  9408  7106 
0.642     9.7530  1572  4493 
0.643     9.7535  3614  6717 
0.644     9.7540  5535  7355 
0.645     9.7545  7335  9966 
0.646     9.7550  9015  8098 
0.647     9.7556  0575  5280 
0.648     9.7561  2015  5030 
0.649     9.7566  3336  0847 
0.650     9.7571  4537   6217 
0.651     9.7576  5620  4613 
0.652     9.7581  6584  9491 
0.653     9.7586  7431  4292 
0.654     9.7591   8160  2446 
0.655     9.7596  8771  7366 
0.656     9.7601   9266  2451 
0.657      9.7606  9644   1086 
0.658     9.7611   9905  6640 
0.659     9.7617   0051   2472 
0.660     9.7622  0081   1924 
0.661     9.7626  9995  8325 

0.662  9.7631  9795  4991 

0.663  9.7636  9480  5223 

0.664  9.7641  9051  2310 

0.665  9.7646  8507  9526 

0.666  9.7651  7851  0131 

0.667  9.7656  7080  7374 

0.668  9.7661  6197  4488 

0.669  9.7666  5201  4695 

0.670  9.7671   4093   1204 

0.671  9.7676  2872  7208 

0.672  9.7681   1540  5889 

0.673  9.7686  0097  0417 

0.674  9.7690  8542  3948 

0.675  9.7695  6876  9628 

0.676  9.7700  5101   0584 

0.677  9.7705  3214  9935 

0.678  9.7710   1219  0787 

0.679  9.7714  9113  6232 

0.680  9.7719  6898  9354 

0.681  9.7724  4575  3219 

0.682  9.7729  2143  0883 


LOGio  TANH  X 

—(Coni 

i  lined) 

Ai 

Ao 

A, 

A4 

— 122 

2362 

— 16 

5   2285  6142 

3607 

—121 

8755 

— 15 

5  2163  7387 

3592 

—121 

5163 

— 15 

5  2042  2224 

3577 

—121 

1586 

— 18 

5   1921  0638 

3559 

— 120 

8027 

— 11 

5   1800  2611 

3548 

— 120 

4479 

— 19 

5   1679  8132 

3529 

—120 

0950 

— 11 

5   1559  7182 

3518 

—119 

7432 

— 19 

5   1439  9750 

3499 

—119 

3933 

— 13 

5   1320  5817 

3486 

—119 

0447 

— 13 

5   1201  5370 

3473 

—118 

6974 

— 17 

5  1082  8396 

3456 

—118 

3518 

— 15 

5   0964  4878 

3441 

—lis 

0077 

— 11 

5  0846  4801 

3430 

— 117 

6647 

— 17 

5  0728  8154 

3413 

—117 

3234 

— 14 

5  0611  4920 

3399 

—116 

9835 

— 14 

5  0494  5085 

3385 

—116 

6450 

— 16 

5  0377   8635 

3369 

—116 

3081 

— 10 

5  0261  5554 

3359 

—115 

9722 

— 17 

5  0145  5832 

3342 

—115 

6380 

— 13 

5  0029  9452 

3329 

—115 

3051 

— 13 

4  9914  6401 

3316 

—114 

9735 

— 15 

4  9799  6666 

3301 

—114 

6434 

— 12 

4  9685  0232 

3289 

—114 

3145 

— 15 

4  9570  7087 

3274 

—113 

9871 

— 14 

4  9456  7216 

3260 

—113 

6611 

— 11 

4  9343  0605 

3249 

—113 

3362 

— 16 

4  9229  7243 

3233 

—113 

0129 

— 11 

4  9116  7114 

3222 

—112 

6907 

— 13 

4  9004  0207 

3209 

—112 

3698 

— 16 

4  8891  6509 

3193 

—112 

0505 

— 11 

4  8779  6004 

3182 

—111 

7323 

— 12 

4  8667  8681 

3170 

—111 

4153 

— 14 

4  8556  4528 

3156 

—111 

0997 

— 10 

4  8445  3531 

3146 

—110 

7851 

— 19 

4  8334  5680 

3127 

—110 

4724 

—  8 

4  8224   0956 

3119 

—110 

1605 

— 13 

4  8113  9351 

3106 

—109 

8499 

— 14 

4  8004   0852 

3092 

—109 

5407 

—  g 

4  7894  5445 

3084 

—109 

2323 

— 18 

4  7785  3122 

3066 

-108 

9257 

— 10 

4  7676  3865 

3056 

—108 

6201 

— 11 

4  7567  7664 

3045 

—108 

3156 

—13 

408 


X 
0.680 
0.681 
0.682 
0.683 
0.684 
0.685 
0.686 
0.687 
0.688 
0.689 
0.690 
0.691 
0.692 
0.693 
0.694 
0.695 
0.696 
0.697 
0.698 
0.699 
0.700 
0.701 
0.702 
0.703 
0.704 
0.705 
0.706 
0.707 
0.708 
0.709 
0.710 
0.711 
0.712 
0.713 
0.714 
0.715 
0.716 
0.717 
0.718 
0.719 
0.720 
0.721 
0.722 
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TABLE  III. 
log  tanli  X 
9.7719  6898  9354 
9^7724  4575  3219 
9.7729  2143  0883 
9.7733  9602  5391 
9.7738  6953  9775 
9.7743  4197  7054 
9.7748  1334  0236 
9.7752  8363  2319 
9.7757  5285  6284 
9.7762  2101  5105 
9.7766  8811  1743 
9.7771  5414  9146 
9.7776  1913  0253 
9.7780  8305  7988 
9.7785  4593  5269 
9.7790  0776  4995 
9.7794  6855  0060 
9.7799  2829  3343 
9.7803  8699  7715 
9.7808  4466  6033 
9.7813  0130  1144 
9.7817  5690  5887 
9.7822  1148  3085 
9.7826  6503  ^552 
9.7831  1756  6092 
9.7835  6907  7498 
9.7840  1957  2553 
9.7844  6905  4027 
9.7849  1752  4681 
9.7853  6498  7266 
9.7858  1144  4522 
9.7862  5689  9179 
9.7867  0135  3955 
9.7871  4481  1559 
9.7875  8727  4689 
9.7880  2874  6034 
9.7884  6922  8272 
9.7889  0872  4073 
9.7893  4723  6092 
9.7897  8476  6979 
9.7902  2131  9372 
9.7906  5689  5900 
9.7910  9149  9182 


LOGio  TANH  X- 

7676  3865 
7567  7664 
7459  4508 
7351  4384 
7243  7279 
7136  3182 
7029  2083 
6922  3965 
4  6815  8821 
4  6709  6638 
6603  7403 
6498  1107 
6392  7735 
6287  7281 
6182  9726 
6078  5065 
5974  3283 
5870  4372 
5766  8318 
5663  5111 
5560  4743 
5457  7198 
5355  2467 
5253  0540 
5151  1406 
5049  5055 
4948  1474 
4847   0654 
4746  2585 
4645  7256 
4545  4657 
4445  4776 
4345  7604 
4246  3130 
4147  1345 
4048  2238 
4  3949  5801 
4  3851  2019 
4  3753  0887 
4  3655  2393 
4  3557  6528 
4  3460  3282 


4 
4 
4 
4 
4 
4 
4 
4 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


(Continued) 

A, 

—108  9257 
— 108  6201 
—108  3156 
— 108  0124 
— 107  7105 
— 107  4097 
— 107  1099 
—106  8118 
— 106  5144 
— 106  2183 
— 105  9235 
— 105  6296 
—105  3372 
— 105  0454 
— 104  7555 
— i04  4661 
— 104  1782 
—103  8911 
—103  6054 
—103  3207 
— 103  0368 
— 102  7545 
—102  4731 
— 102  1927 
—101  9134 
—101  6351 
—101  3581 
— 101  0820 
—100  8069 
— 100  5329 
— 100  2599 

—  99  9881 

—  99  7172 

—  99  4474 

—  99  1785 

—  98  9107 

—  98  6437 

—  98  3782 

—  98  1132 

—  97  8494 

—  97  5865 

—  97  3246 

—  97  0639 


3056 

3045 

3032 

3019 

3008 

2998 

2981 

2974 

2961 

2948 

2939 

2924 

2918 

2899 

2894 

2879 

2871 

2857 

2847 

2839 

2823 

2814 

2804 

2793 

2783 

2770 

2761 

2751 

2740 

2730 

2718 

2709 

2698 

2689 

2678 

2670 

2655 

2650 

2638 

2629 

2619 

2607 


A. 
—10 

— 11 

—13 

—13 

— 11 

—10 

—17 

—  7 
—13 
—13 

—  9 
—15 

—  6 
—19 

—  5 
—15 

—  8 
—14 
—10 

—  8 
—16 

—  9 
—10 
—11 
—10 
—13 

—  9 
—10 
—11 
—10 
—12 

—  9 
—11 

—  9 
—11 

—  8 
—15 

—  5 
— 12 

—  9 
—10 
—12 

—  7 
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TABLE  III. 

^  lo<i  tanh  .r 

0.720  9.7902  2131  9372 
0.721  9.7906  5689  5900 
0.722  9.7910  9149  9182 
0.723  9.7915  2513  1825 
0.724  9.7919  5779  6429 
0.725  9.7923  8949  5584 
0.726  9.7928  2023  1868 
0.727  9.7932  5000  7855 
0728  9.7936  7882  6102 
0.729  9.7941  0668  9163 
0.730     9.7945  3359  9580 

0.731  9.7949  5955  9884 

0.732  9.7953   8457   2600 

0.733  9.7958  0864   0240 

0.734  9.7962  3176  5311 

0.735  9.7966  5395  0310 

0.736  9.7970  7519  7721 

0.737  9.7974   9551   0022 

0.738  9.7979   1488  9682 

0.739  9.7983  3333   9161 

0.740  9.7987   5086  0911 

0.741  9.7991   6745  7371 

0.742  9.7995  8313  0975 

0.743  9.7999  9788  4148 

0.744  9.8004   1171   9305 

0.745  9.8008  2463  8852 

0.746  9.8012  3664  5190 

0.747  9.8016  4774   0707 

0.748  9.8020  5792  7784 

0.749  9.8024  6720  8795 

0.750  9.8028  7558  6102 

0.751  9.8032  8306  2061 

0.752  9.8036  8963  9020 

0.753  9.8040  9531  9317 

0.754  9.8045  0010  5284 

0.755  9.8049  0399  9242 

0.756  9.8053  0700  3507 

0.757  9.8057  0912  0385 

0.758  9.8061   1035  2173 

0.759  9.8065  1070  1161 

0.760  9.8069  1016  9630 

0.761  9.8073  0875  9855 

0.762  9.8077  0647  4101 


LOG  10  TANII  X- 

-(Cont 

inued) 

A 

'1 

^2 

A, 

A, 

—97 

5865 

— 10 

4 

3557 

6528 

—97 

3246 

2619 

— 12 

4 

3460 

3282 

—97 

0639 

2607 

—  7 

4 

3363 

2643 

—96 

8039 

2600 

— 10 

4 

3266 

4604 

—96 

5449 

2590 

— 12 

4 

3169 

9155 

—96 

2871 

2578 

—  4 

4 

3073 

6284 

—96 

0297 

2574 

— 17 

4 

2977 

5987 

—95 

7740 

2557 

—  3 

4 

2881 

8247 

—95 

5186 

2554 

— 12 

4 

2786 

3061 

—95 

2644 

2542 

— 11 

4 

2691 

0417 

—95 

0113 

2531 

—  6 

4 

2596 

0304 

—94 

7588 

2525 

— 13 

4 

2501 

2716 

—94 

5076 

2512 

—  5 

4 

2406 

7640 

—94 

2569 

2507 

^10 

'   4 

2312 

5071 

—94 

0072 

2497 

— 13 

4 

2218 

4999   . 

—93 

7588 

2484 

—  6 

4 

2124 

7411 

—93 

5110 

2478 

—  9 

4 

2031 

2301 

—93 

2641 

2469 

—  9 

4 

1937 

9660 

—93 

0181 

2460 

—  8 

4 

1844 

9479 

—92 

7729 

2452 

— 13 

4 

1752 

1750 

—92 

5290 

2439 

—  5 

4 

1659 

6460 

—92 

2856 

2434 

—  9 

4 

1567 

3604 

—92 

0431 

2425 

—10 

4 

1475 

3173 

—91 

8016 

2415 

—  9 

4 

1383 

5157 

—91 

5610 

2406 

—  5 

4 

1291 

9547 

—91 

3209 

2401 

—13 

4 

1200 

6338 

—91 

0821 

2388 

—  7 

4 

1109 

5517 

—90 

8440 

2381 

—  7 

4 

1018 

7077 

—90 

6066 

2374 

—12 

4 

0928 

1011 

—90 

3704 

2362 

—  6 

4 

0837 

7307 

—90 

1348 

2356 

—  8 

4 

0747 

5959 

—89 

9000 

2348 

—10 

4 

0657 

6959 

—89 

6662 

2338 

—  6 

4 

0568 

0297 

—89 

4330 

2332 

—11 

4 

0478 

5967 

—89 

2009 

2321 

—  5 

4 

0389 

3958 

—88 

9693 

2316 

—10 

4 

0300 

4265 

—88 

7387 

2306 

—  9 

4 

0211 

6878 

—88 

5090 

2297 

—  7 

4 

0123 

1788 

—88 

2800 

2290 

—  9 

4 

0034 

8988 

—88 

0519 

2281 

—  6 

3 

9946 

8469 

—87 

8244 

2275 

—10 

3 

9859 

0225 

—87 

5979 

2265 

—  6 

3 

9771 

4246 

—87 

3720 

2259 

—  9 

410 
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TABLE 

:  III. 

LOGio  TANH  X- 

-(Continued) 

X 

log  tanh  X 

Ax 

^2 

A3 

A. 

0.760 

9.8069  1016 

9630 

3  9859  0225 

— 87  8244 

2265 

—10 

0.761 

9.8073  0875 

9855 

3  9771  4246 

— 87  5979 

2259 

—  6 

0.762 

9.8077   0647 

4101 

3  9684  0526 

—87  3720 

2250 

—  9 

0.763 

9.8081  0331 

4627 

3  9596  9056 

—87   1470 

2242 

—  8 

0.764 

9.8084  9928 

3683 

3  9509  9828 

—86  9228 

2235 

—  7 

0.765 

9.8088  9438 

3511 

3  9423  2835 

—86  6993 

2225 

—10 

0.766 

9.8092  8861 

6346 

3  9336  8067 

— 86  4768 

2220 

—  5 

0.767 

9.8096  8198 

4413 

3  9250  5519 

— 86  2548 

2209 

—11 

0.768 

9.8100  7448 

9932 

3  9164  5180 

—86  0339 

2207 

—  2 

0.769 

9.8104  6613 

5112 

3  9078  7048 

—85  8132 

2194 

—13 

0.770 

9.8108  5692 

2160 

3  8993   1110 

—85  5938 

2190 

—  4 

0.771 

9.8112  4685 

3270 

3  8907  7362 

—85  3748 

2179 

—11 

0.772 

9.8116  3593 

0632 

3  8822  5793 

—85   1569 

2175 

—  4 

0.773 

9.8120  2415 

6425 

3  8737   6399 . 

—84  9394 

2165 

—10 

0.774 

9.8124   1153 

2824 

3  8652  9170 

— 84  7229 

2158 

—  7 

0.775 

9.8127   9806 

1994 

3  8568  4099 

—84  5071 

2151 

—  7 

0.776 

9.8131   8374 

6093 

3  8484  1179 

—84  2920 

2144 

—  7 

0.777 

9.8135  6858 

7272 

3  8400  0403 

—84  0776 

2138 

—  6 

0.778 

9.8139  5258 

7675 

3  8316   1765 

—83  8638 

2128 

—10 

0.779 

9.8143  3574 

9440 

3  8232  5255 

—83  6510 

2122 

—  6 

0.780 

9.8147   1807 

4695 

3  8149  0867 

—83  4388 

2114 

—  8 

0.781 

9.8150  9956 

5562 

3  8065  8593 

—83  2274 

2108 

—  6 

0.782 

9.8154  8022 

4155 

3  7982  8427 

—83  0166 

2101 

—  1 

0.783 

9.8158  6005 

2582 

3  7900  0362 

—82  8065 

2093 

—   8 

0.784 

9.8162  3905 

2944 

3  7817   4390 

—82  5972 

2085 

—  8 

0.785 

9.8166  1722 

7334 

3  7735  0503 

— 82  3887 

2081 

—  4 

0.786 

9.8169  9457 

7837 

3  7652  8697 

—82   1806 

2071 

— 10 

0.787 

9.8173  7110 

6534 

3  7570  8962 

—81  9735 

2066 

—  5 

0.788 

9.8177   4681 

5496 

3  7489   1293 

—81  7669 

2057 

—  9 

0.789 

9.8181  2170 

6789 

3  7407   5681 

—81  5612 

2052 

—  5 

0.790 

9.8184  9578 

2470 

3  7326  2121 

— 81   3560 

2045 

—  7 

0.791 

9.8188  6904 

4591 

3  7245  0606 

—81  1515 

2037 

—  8 

0.792 

9.8192  4149 

5197 

3  7164   1128 

— 80  9478 

2030 

—  7 

'  0.793 

9.8196  1313 

6325 

3  7083  3680 

— 80  7448 

2026 

—  4 

0.794 

9.8199  8397 

0005 

3  7002  8258 

— 80  5422 

2016 

—10 

0.795 

9.8203  5399 

8263 

3  6922  4852 

— 80  3406 

2013 

—  3 

0.796 

9.8207   2322 

3115 

3  6842  3459 

—80  1393 

2003 

— 10 

0.797 

9.8210  9164 

6574 

3  6762  4069 

— 79  9390 

1995 

—  S 

0.798 

9.8214  5927 

0643 

3  6682  6674 

—79  7395 

1993 

—  2 

0.799 

9.8218  2609 

7317 

3  6603  1272 

—79  5402 

1982 

— 11 

0.800 

9.8221  9212 

8589 

3  6523  7852 

— 79  3420 

1980 

—  2 

0.801 

9.8225  5736 

6441 

3  6444  6412 

— 79  1440 

1970 

— 10 

0.802 

9.8229  2181 

2853 

— 78  9470 

—  6 
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TABLE  III. 

LOGio  TANII  X- 

-(Continued) 

X 

log  tanli 

X 

A, 

1 

A 

'2 

Ah 

A4 

0.800 

9.8221 

9212 

8589 

3 

6523 

7852 

—79 

3420 

1980 

—  2 

0.801 

9.8225 

5736 

6441 

3 

6444 

6412 

—79 

1440 

1970 

—10 

0.802 

9.8229 

2181 

2853 

3 

6365 

6942 

—78 

9470 

1964 

—  6 

0.803 

9.8232 

8546 

9795 

3 

6286 

9436 

—78 

7506 

1959 

—  5 

0.804 

9.8236 

4833 

9231 

3 

6208 

3889 

—78 

5547 

1952 

—  7 

0.805 

9.8240 

1042 

3120 

3 

6130 

0294 

—78 

3595 

1945 

—  7 

0.806 

9.8243 

7172 

3414 

3 

6051 

8644 

—78 

1650 

1939 

—  6 

0.807 

9.8247 

3224 

2058 

3 

5973 

8933 

—77 

9711 

1932 

—  7 

0.808 

9.8250 

9198 

0991 

3 

5896 

1154 

—77 

7779 

1926 

—  6 

0.809 

9.8254 

5094 

2145 

3 

5818 

5301 

—77 

5853 

1921 

—  5 

0.810 

9.8258 

0912 

7446 

3 

5741 

1369 

— 77 

3932 

1913 

—  8 

0.811 

9.8261 

6653 

8815 

3 

5663 

9350 

—77 

2019 

1910 

—  3 

0.812 

9.8265 

2317 

8165 

3 

5586 

9241 

—77 

0109 

1898 

—12 

0.813 

9.8268 

7904 

7406 

3 

5510 

1030 

—76 

8211 

1897 

—  1 

0.814 

9.8272 

3414 

8436 

3 

5433 

4716 

—76 

6314 

1889 

—  8 

0.815 

9.8275 

8848 

3152 

3 

5357 

0291 

—76 

4425 

1882 

—  7 

0.816 

9.8279 

4205 

3443 

3 

5280 

7748 

— 76 

2543 

1878 

—  4 

0.817 

9.8282 

9486 

1191 

3 

5204 

7083 

—76 

0665 

1870' 

—  8 

0.818 

9.8286 

4690 

8274 

3 

5128 

8288 

— 75 

8795 

1867 

—  3 

0.819 

9.8289 

9819 

6562 

3 

5053 

1360 

—75 

6928 

1856 

—11 

0.820 

9.8293 

4872 

7922 

3 

4977 

6288 

—75 

5072 

1853 

—  3 

0.821 

9.8296 

9850 

4210 

3 

4902 

3069 

—75 

3219 

1848 

--  5 

0.822 

9.8300 

4752 

7279 

3 

4827 

1698 

—75 

1371 

1842 

—  6 

0.823 

9.8303 

9579 

8977 

3 

4752 

2169 

—74 

9529 

1834 

—  8 

0.824 

9.8307 

4332 

1146 

3 

4677 

4474 

— 74 

7695 

1829 

—  5 

0.825 

9.8310 

9009 

5620 

3 

4602 

8608 

—74 

5866 

1825 

—  4 

0.826 

9.8314 

3612 

4228 

3 

4528 

4567 

—74 

4041 

1817 

—  8 

0.827 

9.8317 

8140 

8795 

3 

4454 

2343 

— 74 

2224 

1810 

—  7 

0.828 

9.8321 

2595 

1138 

3 

4380 

1929 

—74 

0414 

1808 

—  2 

0.829 

9.8324 

6975 

3067 

3 

4306 

3323 

—73 

8606 

1800 

—  8 

0.830 

9.8328 

1281 

6390 

3 

4232 

6517 

—73 

6806 

1796 

—  4 

0.831 

9.8331 

5514 

2907 

3 

4159 

1507 

—73 

5010 

1786 

—10 

0.832 

9.8334 

9673 

4414 

3 

4085 

8283 

—73 

3224 

1785 

—  1 

0.833 

9.8338 

3759 

2697 

3 

4012 

6844 

—73 

1439 

1777 

—  8 

0.834 

9.8341 

7771 

9541 

3 

3939 

7182 

—72 

9662 

1774 

—  3 

0.835 

9.8345 

1711 

6723 

3 

3866 

9294 

—72 

7888 

1766 

—  8 

0.836 

9.8348 

5578 

6017 

3 

3794 

3172 

—72 

6122 

1761 

—  5 

0.837 

9.8351 

9372 

9189 

3 

3721 

8811 

—72 

4361 

1753 

—  8 

0.838 

9.8355 

3094 

8000 

3 

3649 

6203 

— 72 

2608 

1753 

—  0 

0.839 

9.8358 

6744 

4203 

3 

3577 

5348 

—72 

0855 

1744 

—  9 

0.840 

9.8362 

0321 

9551 

3 

3505 

6237 

— 71 

9111 

1739 

—  5 

0.841 

9.8365 

3827 

5788 

3 

3433 

8865 

—71 

7372 

1732 

—  7 

0.842 

9.8368 

7261 

4653 

—71 

5640 

—  3 
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TABLE  III.  LOG 

10  TANH 

X — {Continue 

d) 

X 

log 

tanh  X 

Ai 

A 

o 

A3 

0.840 

9.8362 

0321 

9551 

3 

3505 

6237 

— 71 

9111 

1739 

0.841 

9.8365 

3827 

5788 

3 

3433 

8865 

— 71 

7372 

1732 

0.842 

9.8368 

7261 

4653 

3 

3362 

3225 

— 71 

5640 

1729 

0.843 

9.8372 

0623 

7878 

3 

3290 

9314 

—71 

3911 

1725 

0.844 

9.8375 

3914 

7192 

3 

3219 

7128 

—71 

2186 

1715 

0.845 

9.8378 

7134 

4320 

3 

3148 

6657 

—71 

0471 

1714 

0.846 

9.8382 

0283 

0977 

3 

3077 

7900 

—70 

8757 

1705 

0.847 

9.8385 

3360 

8877 

3 

3007 

0848 

—70 

7052 

1703 

0.848 

9.8388 

6367 

9725 

3 

2936 

5499 

—70 

5349 

1695 

0.849 

9.8391 

9304 

5224 

3 

2866 

1845 

—70 

3654 

1694 

0.850 

9.8395 

2170 

7069 

3 

2795 

9885 

—70 

1960 

1682 

0.851 

9.8398 

4966 

6954 

3 

2725 

9607 

—70 

0278 

1683 

0.852 

9.8401 

7692 

6561 

3 

2656 

1012 

—69 

8595 

1676 

0.853 

9.8405 

0348 

7573 

3 

2586 

4093 

69 

6919 

1670 

0.854 

9.8408 

2935 

1666 

3 

2516 

8844 

—69 

5249 

1664 

0.855 

9.8411 

5452 

0510 

3 

2447 

5259 

—69 

3585 

1661 

0.856 

9.8414 

7899 

5769 

3 

2378 

3335 

—69 

1924 

1655 

0.857 

9.8418 

0277 

9104 

3 

2309 

3066 

—69 

0269 

1648 

0.858 

9.8421 

2587 

2170 

3 

2240 

4445 

—68 

8621 

1649 

0.859 

9.8424 

4827 

6615 

3 

2171 

7473 

—68 

6972 

1637 

0.860 

9.8427 

6999 

4088 

3 

2103 

2138 

—68 

5335 

1637 

0.861 

9.8430 

9102 

6226 

3 

2034 

8440 

68 

3698 

1629 

0.862 

9.8434 

1137 

4666 

3 

1966 

6371 

—68 

2069 

1625 

0.863 

9.8437 

3104 

W)37 

3 

1898 

5927 

—68 

0444 

1621 

0.864 

9.8440 

5002 

6964 

3 

1830 

7104 

67 

8823 

1614 

0.865 

9.8443 

6833 

4068 

3 

1762 

9895 

—67 

7209 

1609 

0.866 

9.8446 

8596 

3963 

3 

1695 

4295 

—67 

5600 

1608 

0.867 

9.8450 

0291 

8258 

3 

1628 

0303 

—67 

3992 

1599 

0.868 

9.8453 

1919 

8561 

3 

1560 

7910 

67 

2393 

1597 

0.869 

9.8456 

3480 

6471 

3 

1493 

7114 

—67 

0796 

1591 

0.870 

9.8459 

4974 

3585 

3 

1426 

7909 

66 

9205 

1585 

0.871 

9.8462 

6401 

1494 

3 

1360 

0289 

—66 

7620 

1582 

0.872 

9.8465 

7761 

1783 

3 

1293 

4251 

—66 

6038 

1577 

0.873 

9.8468 

9054 

6034 

3 

1226 

9790 

—66 

4461 

1572 

0.874 

9.8472 

0281 

5824 

3 

1160 

6901 

—66 

2889 

1566 

0.875 

9.8475 

1442 

2725 

3 

1094 

5578 

—66 

1323 

1564 

0.876 

9.8478 

2536 

8303 

3 

1028 

5819 

—65 

9759 

1558 

0.877 

9.8481 

3565 

4122 

3 

0962 

7618 

— 65 

8201 

1554 

0.878 

9.8484 

4528 

1740 

3 

0897 

0971 

—65 

6647 

1546 

0.879 

9.8487 

5425 

2711 

3 

0831 

5870 

65 

5101 

1546 

0.880 

9.8490 

6256 

8581 

3 

0766 

2315 

—65 

3555 

1538 

0.881 

9.8493 

7023 

0896 

3 

0701 

0298 

—65 

2017 

1536 

0.882 

9.8496 

7724 

1194 

— 65 

0481 
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TABLE  III.  LOGio 

TANH  X— 

(Continued) 

X 

log  tanh 

X 

^: 

I 

Ao 

A. 

0.880 

9.8490 

6256 

8581 

3 

0766 

2315 

—65 

3555 

1538 

0.881 

9.8493 

7023 

0896 

3 

0701 

0298 

—65 

2017 

1536 

0.882 

9.8496 

7724 

1194 

3 

0635 

9817 

—65 

0481 

1530 

0.883 

9.8499 

8360 

1011 

3 

0571 

0866 

—64 

8951 

1527 

0.884 

9.8502 

8931 

1877 

3 

0506 

3442 

—64 

7424 

1520 

0.885 

9.8505 

9437 

5319 

3 

0441 

7538 

—64 

5904 

1518 

0.886 

9.8508 

9879 

2857 

3 

0377 

3152 

—64 

4386 

1511 

0.887 

9.8512 

0256 

6009 

3 

0313 

0277 

—64 

2875 

1507 

0.888 

9.8515 

0569 

6286 

3 

0248 

8909 

—64 

1368 

1506 

0.889 

9.8518 

0818 

5195 

3 

0184 

9047 

—63 

9862 

1498 

0.890 

9.8521 

1003 

4242 

3 

0121 

0683 

—63 

8364 

1494 

0.891 

9.8524 

1124 

4925 

3 

0057 

3813 

—63 

6870 

1490 

0.892 

9.8527 

1181 

8738 

2 

9993 

8433 

—63 

5380 

1486 

0.893 

9.8530 

1175 

7171 

2 

9930 

4539 

—63 

3894 

1484 

0.894 

9.8533 

1106 

1710 

2 

9867 

2129 

—63 

2410 

1476 

0.895 

9.8536 

0973 

3839 

2 

9804 

1195 

—63 

0934 

1471 

0.896 

9.8539 

0777 

5034 

2 

9741 

1732 

—62 

9463 

1468 

0.897 

9.8542 

0518 

6766 

2 

9678 

3737 

—62 

7995 

1466 

0.898 

9.8545 

0197 

0503 

2 

9615 

7208 

—62 

6529 

1462 

0.899 

9.8547 

9812 

7711 

2 

9553 

2141 

—62 

5067 

1454 

0.900 

9.8550 

9365 

9852 

2 

9490 

8528 

—62 

3613 

1452 

0.901 

9.8553 

8856 

8380 

2 

9428 

6367 

—62 

2161 

1448 

0.902 

9.8556 

8285 

4747 

2 

9366 

5654 

—62 

0713 

1440 

0.903 

9.8559 

7652 

0401 

2 

9304 

6381 

— 61 

9273 

1442 

0.904 

9.8562 

6956 

6782 

2 

9242 

8550 

—61 

7831 

1434 

0.905 

9.8565 

6199 

5332 

2 

9181 

2153 

—61 

6397 

1430 

0.906 

9.8568 

5380 

7485 

2 

9119 

7186 

—61 

4967 

1429 

0.907 

9.8571 

4500 

4671 

2 

9058 

3648 

—61 

3538 

1421 

0.908 

9.8574 

3558 

8319 

2 

8997 

1531 

—61 

2117 

1418 

0.909 

9.8577 

2555 

9850 

2 

8936 

0832 

—61 

0699 

1414 

0.910 

9.8580 

1492 

0682 

2 

8875 

1547 

—60 

9285 

1412 

0.911 

9.8583 

0367 

2229 

2 

8814 

3674 

—60 

7873 

1406 

0.912 

9.8585 

9181 

5903 

2 

8753 

7207 

—60 

6467 

1402 

0.913 

9.8588 

7935 

3110 

2 

8693 

2142 

—60 

5065 

1396 

0.914 

9.8591 

6628 

5252 

2 

8632 

8473 

—60 

3669 

1396 

0.915 

9.8594 

5261 

3725 

2 

8572 

6200 

— 60 

2273 

1392 

0.916 

9.8597 

3833 

9925 

2 

8512 

5319 

—60 

0881 

1384 

0.917 

9.8600 

2346 

5244 

2 

8452 

5822 

—59 

9497 

1383 

0.918 

9.8603 

0799 

1066 

2 

8392 

7708 

—59 

8114 

1378 

0.919 

9.8605 

9191 

8774 

2 

8333 

0972 

—59 

6736 

1375 

0.920 

9.8608 

7524 

9746 

2 

8273 

5611 

—59 

5361 

1369 

0.921 

9.8611 

579S 

5357 

2 

8214 

1619 

—59 

3992 

1370 

0.922 

9.8614 

4012 

6976 

—59 

2622 

414 
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TABLE  III.     LOGio  TANH  X— {Continued) 


X 

log  tanli  X 

Ai 

A2 

A3 

0.920 

9.8608  7524  9746 

2  8273  5611 

—59  5361 

1369 

0.921 

9.8611  5798  5357 

2  8214  1619 

— 59  3992 

1370 

0.922 

9.8614  4012  6976 

2  8154  8997 

— 59  2622 

1361 

0.923 

9.8617   2167  5973 

2  8095  7736 

—59  1261 

1359 

0.924 

9.8620  0263  3709 

2  8036  7834 

—58  9902 

1355 

0.925 

9.8622  8300  1543 

2  7977   9287 

—58  8547 

1352 

0.926 

9.8625  6278  0830 

2  7919  2092 

—58  7195 

1348 

0.927 

9.8628  4197  2922 

2  7860  6245 

—58  5847 

1341 

0.928 

9.8631  2057  9167 

2  7802  1739 

—58  4506 

1343 

0.929 

9.8633  9860  0906 

2  7743  8576 

—58  3163 

1336 

0.930 

9.8636  7603  9482 

2  7685  6749 

— 58  1827 

1331 

0.931 

9.8639  5289  6231 

2  7627   6253 

— 58  0496 

1329 

0.932 

9.8642  2917   2484 

2  7569  7086 

— 57  9167 

1325 

0.933 

9.8645  0486  9570 

2  7511  9244 

—57  7842 

1321 

0.934 

9.8647  7998  8814 

2  7454  2723 

— 57   6521 

1319 

0.935 

9.8650  5453  1537 

2  7396  7521 

— 57  5202 

1313 

0.936 

9.8653  2849  9058 

2  7339  3632 

— 57  3889 

1310 

0.937 

9.8656  0189  2690 

2  7282  1053 

—57   2579 

1307 

0.938 

9.8658  7471  3743 

2  7224  9781 

—57   1272 

1302 

0.939 

9.8661  4696  3524 

2  7167  9811 

— 56     9970 

1301 

0.940 

9.8664  1864  3335 

2  7111  1142 

—56  8669 

1294 

0.941 

•  9.8666  8975  4477 

2  7054  3767 

—56  7375 

1294 

0.942 

9.8669  6029  8244 

2  6997  7686 

—56  6081 

1288 

0.943 

9.8672  3027  *  5930 

2  6941  2893 

—56  4793 

1284 

0.944 

9.8674  9968  8823 

2  6884  9384 

—56  3509 

1283 

0.945 

9.8677   6853  8207 

2  6828  7158 

— 56  2226 

1276 

0.946 

9.8680  3682  5365 

2  6772  6208 

—56  0950 

1277 

0.947 

9.8683  0455  1573 

2  6716  6535 

—55  9673 

1268 

0.948 

9.8685  7171  8108 

2  6660  8130 

—55  8405 

1269 

0.949 

9.8688  3832  6238 

2  6605  0994 

—55  7136 

1263 

0.950 

9.8691  0437  7232 

2  6549  5121 

—55     5873 

1262 

0.951 

9.8693  6987  2353 

2  6494  0510 

—55     4611 

1256 

0.952 

9.8696  3481  2863 

2  6438  7155 

—55  3355 

1254 

0.953 

9.8698  9920  0018 

2  6383  5054 

—55  2101 

1249 

0.954 

9.8701  6303  5072 

2  6328  4202 

—55     0852 

1247 

0.955 

9.8704  2631  9274 

2  6273  4597 

— 54  9605 

1244 

0.956 

9.8706  8905  3871 

2  6218  6236 

—54  8361 

1240 

0.957 

9.8709  5124  0107 

2  6163  9115 

—54  7121 

1237 

0.958 

9.8712  1287  9222 

2  6109  3231 

—54  5884 

1231 

0.959 

9.8714  7397  2453 

2  6054  8578 

—54  4653 

1229 

0.960 

9.8717  3452  1031 

2  6000  5154 

— 54  3424 

1230 

0.961 

9.8719  9452  6185 

2  5946  2960 

—54  2194 

1220 

0.962 

9.8722  5398  9145 

—54  0974 
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TABLE  111.  I 
X  log  tanh  x 

0.960  9.8717  3452  1031 

0.961  9.8719  9452  6185 

0.962  9.8722  5398  9145 

0.963  9.8725  1291  1131 

0.964  9.8727  7129  3364 

0.965  9.8730  2913  7062 

0.966  9.8732  8644  3435 

0.967  9.8735  4321  3694 

0.968  9.8737  9944  9046 

0.969  9.8740  5515  0695 

0.970  9.8743  1031  9840 

0.971  9.8745  6495  7679 

0.972  9.8748  1906  5405 

0.973  9.8750  7264  4209 

0.974  9.8753  2569  5276 

0.975  9.8755  7821  9793 

0.976  9.8758  3021  8939 

0.977  9.8760  8169  3892 

0.978  9.8763  3264  5825 

0.979  9.8765  8307  5913 

0.980  9.8768  3298  5322 

0.981  9.8770  8237  5218 

0.982  9.8773  3124  6763 

0.983  9.8775  7960  1114 

0.984  9.8778  2743  9429 

0.985  9.8780  7476  2859 

0.986  9.8783  2157  2556 

0.987  9.8785  6786  9664 

0.988  9.8788  1365  5329 

0.989  9.8790  5893  0691 

0.990  9.8793  0369  6888 

0.991  9.8795  4795  5053 

0.992  9.8797  9170  6317 

0.993  9.8800  3495  1811 

0.994  9.8802  7769  2660 

0.995  9.8805  1992  9986 

0.996  9.8807  6166  4909 

0.997  9.8810  0289  8544 

0.998  9.8812  4363  2008 

0.999  9.8814  8386  6410 

1.000  9.8817  2360  2857 

1.001  9.8819  6284  2457 

1.002  9.8822  0158  6309 


.or.jo  TANir  X— (Continued) 


A, 

^•.> 

^n 

—54 

3424 

2 

6000 

5154 

—54 

2194 

1230 

2 

5946 

2960 

—54 

0974 

1220 

2 

5892 

1986 

—53 

9753 

1221 

2 

5838 

2233 

—53 

8535 

1218 

2 

5784 

3698 

—53 

7325 

1210 

2 

5730 

6373 

—53 

6114 

1211 

2 

5677 

0259 

—53 

4907 

1207 

2 

5623 

5352 

—53 

3703 

1204 

2 

5570 

1649 

—53 

2504 

1199 

2 

5516 

9145 

—53 

1306 

1198 

2 

5463 

7839 

—53 

0113 

1193 

2 

5410 

7726 

—52 

8922 

1191 

2 

5357 

8804 

—52 

7737 

1185 

2 

5305 

1067 

—52 

6550 

1187 

2 

5252 

4517 

— 52 

5371 

1179 

2 

5199 

9146 

—52 

4193 

1178 

2 

5147 

4953 

— 52 

3020 

1173 

2 

5095 

1933 

—52 

1845 

1175 

2 

5043 

0088 

—52 

0679 

1166 

2 

4990 

9409 

—51 

9513 

1166 

2 

4938 

9896 

—51 

8351 

1162 

2 

4887 

1545 

—51 

7194 

1157 

2 

4835 

4351 

—51 

6036 

1158 

2 

4783 

8315 

—51 

4885 

1151 

2 

4732 

3430 

—51 

3733 

1152 

2 

4680 

9697 

—51 

2589 

1144 

2 

4629 

7108 

—51 

1443 

1146 

2 

4578 

5665 

—51 

0303 

1140 

2 

4527 

5362 

—50 

9165 

1138 

2 

4476 

6197 

—50 

8032 

1133 

2 

4425 

8165 

—50 

6901 

1131 

2 

4375 

1264 

—50 

5770 

1131 

2 

4324 

5494 

—50 

4645 

1125 

2 

4274 

0849 

—50 

3523 

1122 

2 

4223 

7326 

—50 

2403 

1120 

2 

4173 

4923 

—50 

1288 

1115 

2 

4123 

3635 

—50 

0171 

1117 

2 

4073 

3464 

—49 

9062 

1109 

2 

4023 

4402 

—A9 

7955 

1107 

2 

3973 

6447 

—49 

6847 

1108 

2 

3923 

9600 

— 49 

5748 

1099 

2 

3874 

3852 

—49 

4646 

1102 

•116 
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X 
1.000 
1.001 
1.002 
1.003 
1.004 
1.005 
1.006 
1.007 
1.008 
1.009 
I.OID 
1.011 
1.012 
1.013 
1.014 
1.015 
1.016 
1.017 
1.018 
1.019 
1.020 
1.021 
1.022 
1.023 
1.024 
1.025 
1.026 
1.027 
1.028 
1.029 
1.030 
1.031 
1.032 
1.033 
1.034 
1.035 
1.036 
1.037 
1.038 
1.039 
1.040 
1.041 
1.042 


TABLE  HI.  LOGio 
log  tanh  X 
9.8817  2360  2857 
9.8819  6284  2457 
9.8822  0158  6309 
9.8824  3983  5515 
9.8826  7759  1170 
9.8829  1485  4366 
9.8831  5162  6196 
9.8833  8790  7748 
9.8836  2370  0106 
9.8838  5900  4352 
9.8840  9382  1566 
9.8843  2815  2824 
9.8845  6199  9199 
9.8847  9536  1764 
9.8850  2824  1585 
9.8852  6063  9729 
9.8854  9255  7259 
9.8857  2399  5234 
9.8859  5495  4711 
9.8861  8543  6746 
9.8864  1544  2389 
9.8866  4497   2691 
9.8868  7402  8696 
9.8871  0261  1450 
9.8873  3072  1992 
9.8875  5836  1361 
9.8877  8553  0592 
9.8880  1223  0719 
9.8882  3846  2772 
9.8884  6422  7779 
9.8886  8952  6764 
9.8889  1436  0752 
9.8891  3873  0760 
9.8893  6263  7806 
9.8895  8608  2906 
9.8898  0906  7071 
9.8900  3159  1311 
9.8902  5365  6632 
9.8904  7526  4039 
9.8906  9641  4535 
9.8909  1710  9117 
9.8911  3734  8783 
9.8913  5713  4527 


TANH  X— (Continued) 


2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 


3923  9600 
3874  3852 
3824  9206 
3775  5655 
3726  3196 
3677   1830 
3628  1552 
3579  2358 
3530  4246 
3481  7214 
3433  1258 
3384  6375 
3336  2565 
3287  9821 
3239  8144 
3191  7530 
3143  7975 
3095  9477 
3048  2035 
3000  5643 
2953  0302 
2905  6005 
2858  2754 
2811  0542 
2763  9369 
2716  9231 
2670  0127 
2623  2053 
2576  5007 
2529  8985 
2483  3988 
2437   0008 
2390  7046 
2344  5100 
2298  4165 
2252   4240 
2206  5321 
2160  7407 
2115  0496 
2069  4582 
2023  9666 
1978  5744 


—49  6847 
— 49  5748 
— 49  4646 
— 49  3551 
—49  2459 
—49  1366 
— 49  0278 
— 48  9194 
— 48  8112 
— 48  7032 
—48  5956 
— 48  4883 
—48  3810 
— 48  2744 
—48  1677 
— 48  0614 
— 47   9555 
—47   8498 
—47  7442 
—47  6392 
— 47  5341 
— 47  4297 
—47  3251 
— 47   2212 
—47   1173 
— 47   0138 
—46  9104 
— 46  8074 
—46  7046 
—46  6022 
— 46  4997 
— 46  3980 
— 46  2962 
—46  1946 
—46  0935 
— 45  9925 
— 45  8919 
— 45  7914 
— 45  6911 
—45  5914 
— 45  4916 
— 45  3922 
— 45  2931 


1099 
1102 
1095 
1092 
1093 
1088 
1084 
1082 
1080 
1076 
1073 
1073 
1066 
1067 
1063 
1059 
1057 
1056 
1050 
1051 
1044 
1046 
1039 
1039 
1035 
1034 
1030 
1028 
1024 
1025 
1017 
1018 
1016 
1011 
1010 
1006 
1005 
1005 
997 
998 
994 
991 
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TABLE  11 1.  LOO 

10 

TAN  11 

[  .V — (Contiinie( 

0 

X 

log 

•  tanli . 

V 

A, 

A, 

A, 

1.040 

9.8909 

1710 

9117 

2 

2023 

9666 

—45 

4916 

994 

1.041 

9.8911 

3734 

8783 

2 

1978 

5744 

—45 

3922 

991 

1.042 

9.8913 

5713 

4527 

2 

1933 

2813 

—45 

2931 

990 

1.043 

9.8915 

7646 

7340 

2 

1888 

0872 

—45 

1941 

987 

1.044 

9.8917 

9534 

8212 

2 

1842 

9918 

—45 

0954 

984 

1.045 

9.8920 

1377 

8130 

2 

1797 

9948 

— 44 

9970 

983 

1.046 

9.8922 

3175 

8078 

2 

1753 

0961 

—44 

8987 

977 

1.047 

9.8924 

4928 

9059 

2 

1708 

2951 

—44 

8010 

978 

1.04S 

9.8926 

6637 

1990 

2 

1663 

5919 

—44 

7032 

974 

1.049 

9.8928 

8300 

7909 

2 

1618 

9861 

—44 

6058 

972 

1.050 

9.8930 

9919 

7770 

2 

1574 

4775 

—44 

5086 

969 

1.051 

9.8933 

1494 

2545 

2 

1530 

0658 

—44 

4117 

968 

1.052 

9.8935 

3024 

3203 

2 

1485 

7509 

—44 

3149 

965 

1.053 

9.8937 

4510 

0712 

2 

1441 

5325 

—44 

2184 

960 

1.054 

9.8939 

5951 

6037 

2 

1397 

4101 

—44 

1224 

963 

1.055 

9.8941 

7349 

0138 

2 

1353 

3840 

—44 

0261 

955 

1.056 

9.8943 

8702 

3978 

2 

1309 

4534 

—43 

9306 

956 

1.057 

9.8946 

0011 

8512 

2 

1265 

6184 

—43 

8350 

951 

1.058 

9.8948 

1277 

4696 

2 

1221 

8785 

—43 

7399 

951 

1.059 

9.8950 

2499 

3481 

2 

1178 

2337 

—43 

6448 

948 

1.060 

9.8952 

3677 

5818 

2 

1134 

6837 

—43 

5500 

946 

1.061 

9.8954 

4812 

2655 

2 

1091 

2283 

—43 

4554 

942 

1.062 

9.8956 

5903 

4938 

2 

1047 

8671 

—43 

3612 

943 

1.063 

9.8958 

6951 

3609 

2 

1004 

6002 

—43 

2669 

937 

1.064 

9.8960 

7955 

9611 

2 

0961 

4270 

—43 

1732 

937 

1.065 

9.8962 

8917 

3881 

2 

0918 

3475 

—43 

0795 

931 

1.066 

9.8964 

9835 

7356 

2 

0875 

3611 

—42 

9864 

934 

1.067 

9.8967 

0711 

0967 

2 

0832 

4681 

— 42 

8930 

929 

1.06S 

9.8969 

1543 

5648 

2 

0789 

6680 

—42 

8001 

927 

1.069 

9.8971 

2333 

2328 

2 

0746 

9606 

—42 

7074 

923 

1.070 

9.8973 

3080 

1934 

2 

0704 

3455 

—42 

6151 

923 

1.071 

9.8975 

3784 

5389 

2 

0661 

8227 

—42 

5228 

920 

1.072 

9.8977 

4446 

3616 

2 

0619 

3919 

— 42 

4308 

919 

1.073 

9.8979 

5065 

7535 

2 

0577 

0530 

—42 

3389 

914 

1.074 

9.8981 

5642 

8065 

2 

0534 

8055 

— 42 

2475 

915 

1.075 

9.8983 

6177 

6120 

2 

0492 

6495 

42 

1560 

908 

1.076 

9.8985 

6670 

2615 

2 

0450 

5843 

—42 

0652 

912 

1.077 

9.8987 

7120 

8458 

2 

0408 

6103 

—41 

9740 

904 

1.07S 

9.8989 

7529 

4561 

2 

0366 

7267 

— 41 

8836 

907 

1.079 

9.8991 

7896 

1828 

2 

0324 

9338 

41 

7929 

898 

1.080 

9.8993 

8221 

1166 

2 

0283 

2307 

— 41 

7031 

903 

1.081 

9.8995 

8504 

3473 

2 

0241 

6179 

—41 

6128 

896 

1.082 

9.8997 

8745 

9652 

—41 

5232 

418 
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TABLE  III.     LOGio  TANH  X— (Continued) 


X 

log 

tanh  a 

Ax 

Ao 

Ao 

1.080 

9.8993 

8221 

1166 

2 

0283 

2307 

—41 

7031 

903 

1.081 

9.8995 

8504 

3473 

2 

0241 

6179 

— 41 

6128 

896 

1.082 

9.8997 

8745 

9652 

2 

0200 

0947 

—41 

5232 

898 

1.083 

9.8999 

8946 

0599 

2 

0158 

6613 

41 

4334 

890 

1.084 

9.9001 

9104 

7212 

2 

0117 

3169 

—41 

3444 

892 

1.085 

9.9003 

9222 

0381 

2 

0076 

0617 

— 41 

2552 

889 

1.086 

9.9005 

9298 

0998 

2 

0034 

8954 

— 41 

1663 

887 

1.087 

9.9007 

9332 

9952 

1 

9993 

8178 

—41 

0776 

885 

1.088 

9.9009 

9326 

8130 

1 

9952 

8287 

40 

9891 

881 

1.089 

9.9011 

9279 

6417 

1 

9911 

9277 

40 

9010 

880 

1.090 

9.9013 

9191 

5694 

1 

9871 

1147 

—40 

8130 

879 

1.091 

9.9015 

9062 

6841 

1 

9830 

3896 

40 

7251 

877 

1.092 

9.9017 

8893 

0737 

—40 

6374 

^. 

1 

9789 

7522 

872 

1.093 

9.9019 

8682 

8259 

1 

9749 

2020 

—40 

5502 

871 

1.094 

9.9021 

8432 

0279 

1 

9708 

7389 

40 

4631 

872 

1.095 

9.9023 

8140 

7668 

1 

9668 

3630 

40 

3759 

866 

1.096 

9.9025 

7809 

1298 

1 

9628 

0737 

—40 

2893 

866 

1.097 

,  9.9027 

7437 

2035 

1 

9587 

8710 

— 40 

2027 

862 

1.098 

9.9029 

7025 

0745 

1 

9547 

7545 

40 

1165 

862 

1.099 

9.9031 

6572 

8290 

1 

9507 

7242 

— 40 

0303 

859 

1.100 

9.9033 

6080 

5532 

1 

9467 

7798 

—39 

9444 

S57 

1.101 

9.9035 

5548 

3330 

1 

9427 

9211 

—39 

8587 

854 

1.102 

9.9037 

4976 

2541 

1 

9388 

1478 

—39 

7733 

853 

1.103 

9.9039 

4364 

4019 

1 

9348 

4598 

—39 

6880 

852 

1.104 

9.9041 

3712 

8617 

1 

9308 

8570 

—39 

6028 

847 

1.105 

9.9043 

3021 

7187 

1 

9269 

3389 

—39 

5181 

848 

1.106 

9.9045 

2291 

0576 

1 

9229 

9056 

—39 

4333 

844 

1.107 

9.9047 

1520 

9632 

1 

9190 

5567 

— 39 

3489 

842 

1.108 

9.9049 

0711 

5199 

1 

9151 

2920 

—39 

2647 

842 

1.109 

9.9050 

9862 

8119 

1 

9112 

1115 

—39 

1805 

838 

1.110 

9.9052 

8974 

9234 

1 

9073 

0148 

—39 

0967 

837 

1.111 

9.9054 

8047 

9382 

1 

9034 

0018 

—39 

0130 

833 

1.112 

9.9056 

7081 

9400  . 

1 

8995 

0721 

—38 

9297 

833 

1.113 

9.9058 

6077 

0121 

1 

8956 

2257 

—38 

8464 

832 

1.114 

9.9060 

5033 

2378 

1 

8917 

4625 

—38 

7632 

826 

1.115 

9.9062 

3950 

7003 

1 

8878 

7819 

—38 

6806 

827 

1.116 

9.9064 

2829 

4822 

1 

8840 

1840 

—38 

5979 

826 

1.117 

9.9066 

1669 

6662 

1 

8801 

6687 

—38 

5153 

821 

1.118 

9.9068 

0471 

3349 

1 

8763 

2355 

—38 

4332 

822 

1.119 

9.9069 

9234 

5704 

1 

8724 

8845 

—38 

3510 

818 

1.120 

9.9071 

7959 

4549 

1 

8686 

6153 

—38 

2692 

816 

1.121 

9.9073 

6646 

0702 

1 

8648 

4277 

—38 

1876 

816 

1.122 

9.9075 

5294 

4979 

—38 

1060 
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TABLE  III.  LOG 

^10 

TANII  X—i 

[Continued) 

./■ 

Ion 

;•  tanli ; 

X 

\ 

^2 

A3 

1.120 

9.9071 

7959 

4549 

1 

8686 

6153 

—38 

2692 

816 

1.121 

9.9073 

6646 

0702 

1 

8648 

4277 

—38 

1876 

816 

1.122 

9.9075 

5294 

4979 

1 

8610 

3217 

—38 

1060 

812 

1.123 

9.9077 

3904 

8196 

1 

8572 

2969 

—38 

0248 

809 

1.124 

9.9079 

2477 

1165 

1 

8534 

3530 

—37 

9439 

812 

1.125 

9.9081 

1011 

4695 

1 

8496 

4903 

—37 

8627 

805 

1.126 

9.9082 

9507 

9598 

1 

8458 

7081 

—37 

7822 

807 

1.127 

9.9084 

7966 

6679 

1 

8421 

0066 

—37 

7015 

802 

1.128 

9.9086 

6387 

6745 

1 

8383 

3853 

—37 

6213 

800 

1.129 

9.9088 

4771 

0598 

1 

8345 

8440 

—37 

5413 

801 

1.130 

9.9090 

3116 

9038 

1 

8308 

3828 

—37 

4612 

797 

1.131 

9.9092 

1425 

2866 

1 

8271 

0013 

— 37 

3815 

795 

1.132 

9.9093 

9696 

2879 

1 

8233 

6993 

—37 

3020 

794 

1.133 

9.9095 

7929 

9872 

1 

8196 

4767 

—37 

2226 

792 

1.134 

9.9097 

6126 

4639 

1 

8159 

3333 

—37 

1434 

788 

1.135 

9.9099 

4285 

7972 

1 

8122 

2687 

—37 

0646 

790 

1.136 

9.9101 

2408 

0659 

1 

8085 

2831 

—36 

9856 

786 

1.137 

9.9103 

0493 

3490 

1 

8048 

3761 

— 36 

9070 

784 

1.138 

9.9104 

8541 

7251 

1 

8011 

5475 

—36 

8286 

783 

1.139 

9.9106 

6553 

2726 

1 

7974 

7972 

—36 

7503 

779 

1.140 

9.9108 

4528 

0698 

1 

7938 

1248 

—36 

6724 

782 

1.141 

9.9110 

2466 

1946 

1 

7901 

5306 

—36 

5942 

772 

1.142 

9.9112 

0367 

7252 

1 

7865 

0136 

— 36 

5170 

780 

1.143 

9.9113 

8232 

7388 

1 

7828 

5746 

—36 

4390 

770 

1.144 

9.9115 

6061 

3134 

1 

7792 

2126 

—36 

3620 

773 

1.145 

9.9117 

3853 

5260 

1 

7755 

9279 

—36 

2847 

768 

1.146 

9.9119 

1609 

4539 

1 

7719 

7200 

—36 

2079 

770 

1.147 

9.9120 

9329 

1739 

1 

7683 

5891 

—36 

1309 

763 

1.148 

9.9122 

7012 

7630 

1 

7647 

5345 

—36 

0546 

766 

1.149 

9.9124 

4660 

2975 

1 

7611 

5565 

—35 

9780 

763 

1.150 

9.9126 

2271 

8540 

1 

7575 

6548 

—35 

9017 

759 

1.151 

9.9127 

9847 

5088 

1 

7539 

8290 

—35 

8258 

760 

1.152 

9.9129 

7387 

3378 

1 

7504 

0792 

—35 

7498 

757 

1.153 

9.9131 

4891 

4170 

1 

7468 

4051 

—35 

6741 

755 

1.154 

9.9133 

2359 

8221 

1 

7432 

8065 

—35 

5986 

753 

1.155 

9.9134 

9792 

6286 

1 

7397 

2832 

—35 

5233 

751 

1.156 

9.9136 

7189 

9118 

1 

7361 

8350 

—35 

4482 

752 

1.157 

9.9138 

4551 

7468 

1 

7326 

4620 

—35 

3730 

747 

1.158 

9.9140 

1878 

2088 

1 

7291 

1637 

—35 

2983 

748 

1.159 

9.9141 

9169 

3725 

1 

7255 

9402 

—35 

2235  • 

743 

1.160 

9.9143 

6425 

3127 

1 

7220 

7910 

—35 

1492 

743 

1.161 

9.9145 

3646 

1037 

1 

7185 

7161 

—35 

0749 

742 

1.162 

9.9147 

0831 

8198 

—35 

0007 

420 


X 

1.160 

1.161 

1.162 

1.163 

1.164 

1.165 

1.166 

1.167 

1.16S 

1.169 

1.170 

1.171 

1.172 

1.173 

1.174 

1.175 

1.176 

1.177 

1.178 

1.179 

1.180 

1.181 

1.182 

1.183 

1.184 

1.185 

1.186 

1.187 

1.188 

1.189 

1.190 

1.191 

1.192 

1.193 

1.194 

1.195 

1.196 

1.197 

1.198 

1.199 

1.200 

1.201 

1.202 
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TABLE  III.     LOGio  TANK  X— (Continued) 


log  tanh  X 
9.9143      6425     3127 
9.9145      3646     1037 

9.9147  0831  8198 

9.9148  7982  5352 
9.9150  5098  3239 

9.9152  2179  2595 

9.9153  9225  4159 
9.9155  6236  8661 
9.9157  3213  6838 

5.9159  0155  9419 

9.9160  7063  7135 
9.9162  3937   0710 

9.9164  0776  0872 

9.9165  7580  8345 
9.9167   4351  3852 

9.9169  1087   8112 

9.9170  7790  1847 
9.9172  4458  5774 

9.9174  1093  0607 

9.9175  7693  7061 
9.9177   4260  5848 

9.9179  0793  7680 

9.9180  7293  3267 
9.9182  3759  >  3313 

9.9184  0191  8528 

9.9185  6590  9615 

9.9187  2956  7276 

9.9188  9289  2212 
9.9190  5588  5122 

9.9192  1854  6707 

9.9193  8087  7660 
9.9195  4287  8678 

9.9197  0455  0452 

9.9198  6589  3674 

9.9200  2690  9035 

9.9201  8759  7222 
9.9203  4795  8924 

9.9205  0799  4824 

9.9206  6770  5608 

9.9208  2709  1956 

9.9209  8615  4548 
9.9211  4489  4064 
9.9213  0331  1180 


1 

1 
1 
1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


7220  7910 
7185  7161 
7150  7154 
7115  7887 
7080  9356 
7046  1564 
7011  4502 
6976  8177 
6942  2581 
6907  7716 
6873  3575 
6839  0162 
6804  7473 
6770  5507 
6736  4260 
6702  3735 
6668  3927 
6634  4833 
6600  6454 
6566     8787 
6533  1832 
6499  5587 
6466  0046 
6432  5215 
6399  1087 
6365  7661 
6332  4936 
6299  2910 
6266  1585 
6233  0953 
6200  1018 
6167   1774 
6134  3222 
6101  5361 
6068  8187 
6036  1702 
6003  5900 
5971  0784 
5938  6348 
5906  2592 
5873  9516 
5841  7116 


— 35  1492 
—35  0749 
— 35  0007 
— 34  9267 
—34  8531 
—34  7792 
—34  7062 
—34  6325 
— 34  5596 
—34  4865 
— 34  4141 
— 34  3413 
— 34  2689 
— 34  1966 
—34  1247 
— 34  0525 
—33  9808 
—33  9094 
— 33  8379 
— 33  7667 
—33  6955 
— 33  6245 
—33  5541 
— 33  4831 
— 33  4128 
—33  3426 
—33  2725 
— 33  2026 
—33  1325 
— 33  0632 
—32  9935 
— 32  9244 
—32  8552 
—32  7861 
—32  7174 
—32  6485 
—32  5802 
—32  5116 
— 32  4436 
—32  3756 
—32  3076 
— 32  2400 
— 32  1722 


743 

742 

740 

736 

739 

730 

737 

729 

731 

724 

728 

724 

723 

719 

722 

717 

714 

715 

712 

712 

710 

704 

710 

703 

702 

701 

699 

701 

693 

697 

691 

692 

691 

687 

689 

683 

686 

680 

680 

680 

676 

678 
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TABLE  III.  LOGio 

TANir  X— 

(Continue 

d) 

X 

log  tanli 

X 

^; 

1 

A 

, 

A., 

1.200 

9.9209 

8615 

4548 

1 

5873 

9516 

—32 

3076 

676 

1.201 

9.9211 

4489 

4064 

1 

5841 

7116 

—32 

2400 

678 

1.202 

9.9213 

0331 

1180 

1 

5809 

5394 

—32 

1722 

673 

1.203 

9.9214 

6140 

6574 

1 

5777 

4345 

—32 

1049 

673 

1.204 

9.9216 

1918 

0919 

1 

5745 

3969 

—32 

0376 

671 

1.205 

9.9217 

7663 

4888 

1 

5713 

4264 

—31 

9705 

670 

1.206 

9.9219 

3376 

9152 

1 

5681 

5229 

—31 

9035 

667 

1.207 

9.9220 

9058 

4381 

1 

5649 

6861 

—31 

8368 

669 

1.208 

9.9222 

4708 

1242 

1 

5617 

9162 

—31 

7699 

663 

1.209 

9.9224 

0326 

0404 

1 

5586 

2126 

—31 

7036 

665 

1.210 

9.9225 

5912 

2530 

1 

5554 

5755 

—31 

6371 

660 

1.211 

9.9227 

1466 

8285 

1 

5523 

0044 

—31 

5711 

663 

1.212 

9.9228 

6989 

8329 

1 

5491 

4996 

—31 

5048 

658 

1.213 

9.9230 

2481 

3325 

1 

5460 

0606 

—31 

4390 

657 

1.214 

9.9231 

7941 

3931 

1 

5428 

6873 

—31 

3733 

657 

1.215 

9.9233 

3370 

0804 

1 

5397 

3797 

—31 

3076 

655 

1.216 

9.9234 

8767 

4601 

1 

5366 

1376 

—31 

2421 

652 

1.217 

9.9256 

4133 

5977 

1 

5334 

9607 

—31 

1769 

652 

1.21S 

9.9237 

9468 

5584 

1 

5303 

8490 

—31 

1117 

651 

1.219 

9.9239 

4772 

4074 

1 

5272 

8024 

—31 

0466 

648 

1.220 

9.9241 

0045 

2098 

1 

5241 

8206 

—30 

9818 

646 

1.221 

9.9242 

5287 

0304 

1 

5210 

9034 

—30 

9172 

648 

1.222 

9.9244 

0497 

9338 

1 

5180 

0510 

—30 

8524 

643 

1.223 

9.9245 

5677 

9848 

1 

5149 

2629 

—30 

7881 

643 

1.224 

9.9247 

0827 

2477 

1 

5118 

5391 

—30 

7238 

642 

1.225 

9.9248 

5945 

786g 

1 

5087 

8795 

—30 

6596 

638 

1.226 

9.9250 

1033 

6663 

1 

5057 

2837 

—30 

5958 

641 

1.227 

9.9251 

6090 

9500 

1 

5026 

7520 

—30 

5317 

635 

1.228 

9.9253 

1117 

7020 

1 

4996 

2838 

—30 

4682 

638 

1.229 

9.9254 

6113 

9858 

1 

4965 

8794 

—30 

4044 

632 

1.230 

9.9256 

1079 

8652 

1 

4935 

5382 

—30 

3412 

633 

1.231 

9.9257 

6015 

4034 

1 

4905 

2603 

—30 

2779 

632 

1.232 

9.9259 

0920 

6637 

1 

4875 

0456 

—30 

2147 

630 

1.233 

9.9260 

5795 

7093 

1 

4844 

8939 

—30 

1517 

628 

1.234 

9.9262 

0640 

6032 

1 

4814 

8050 

—30 

0889 

628 

1.235 

9.9263 

5455 

4082 

1 

4784 

7789 

—30 

0261 

624 

1.236 

9.9265 

0240 

1871 

1 

4754 

8152 

—29 

9637 

626 

1.237 

9.9266 

4995 

0023 

1 

4724 

9141 

—29 

9011 

620 

1.238 

9.9267 

9719 

9164 

1 

4695 

0750 

—29 

8391 

625 

1.239 

9.9269 

4414 

9914 

1 

4665 

2984 

—29 

7766 

618 

1.240 

9.9270 

9080 

2898 

1 

4635 

5836 

—29 

7148 

621 

1.241 

9.9272 

3715 

8734 

1 

4605 

9309 

—29 

6527 

615 

1.242 

9.9273 

8321 

8043 

—29 

5912 

422 


X 
1.240 
1.241 
1.242 
1.243 
1.244 
1.245 
1.246 
1.247 
1.248 
1.249 
1.250 
1.251 
1.252 
1.253 
1.254 
1.255 
1.256 
1.257 
1.258 
1.259 
1.260 
1.261 
1.262 
1.263 
1.264 
1.265 
1.266 
1.267 
1.268 
1.269 
1.270 
1.271 
1.272 
1.273 
1.274 
1.275 
1.276 
1.277 
1.27S 
1.279 
1.280 
1.281 
1.282 
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TABLE  III.     LOCxio  TANH  X— {Continued) 


log  tanh  X 
9.9270     9080      2898 

9.9272  3715  8734 

9.9273  8321  8043 

9.9275  2898  1440 

9.9276  7444  9541 

9.9278  1962  2961 

9.9279  6450  2313 

9.9281  0908  8208 

9.9282  5338   1258 

9.9283  9738  2071 

9.9285  4109  1255 

9.9286  8450  9417 

9.9288  2763  7160 

9.9289  7047   5089 

9.9291  1302  3806 

9.9292  5528  3912 

9.9293  9725  6006 

9.9295  3894  0687 

9.9296  8033  8552 

9.9298  2145  0197 

9.9299  6227   6214 

9.9301  0281  7198 

9.9302  4307   3740 

9.9303  8304^  6429 

9.9305  2273  5856 

9.9306  6214  2609 

9.9308  0126  7272 

9.9309  4011  0431 

9.9310  7867   2671 

9.9312  1695  4572 

9.9313  5495  6717 

9.9314  9267   9686 

9.9316  3012  4058 

9.9317  6729  0410 

9.9319  0417  9316 

9.9320  4079  1353 

9.9321  7712  7094 

9.9323  1318  7111 

9.9324  4897   1974 

9.9325  8448  2253 

9.9327  1971  8518 

9.9328  5468  1335 

9.9329  8937  1269 


1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


4635  5836 
4605  9309 
4576  3397 
4546  8101 
4517  3420 
4487  9352 
4458  5895 
4429  3050 
4400  0813 
4370  9184 
4341  8162 
4312   7743 
4283  7929 
4254   8717 
4226  0106 
4197   2094 
4168  4681 
4139  7865 
4111  1645 
4082  6017 
4054  0984 
4025  6542 
3997  2689 
3968  9427 
3940  6753 
3912  4663 
3884  3159 
3856  2240 
3828  1901 
3800  2145 
3772  2969 
3744  4372 
3716  6352 
3688  8906 
3661  2037 
3633  5741 
3606  0017 
3578  4863 
3551  0279 
3523  6265 
3496  2817 
3468  9934 


—29  7148 
—29  6527 
—29  5912 
—29  5296 
—29  4681 
— 29  4068 
— 29  3457 
— 29  2845 
— 29  2237 
— 29  1629 
— 29  1022 
— 29  0419 
— 28  9814 
— 28  9212 
—28  8611 
— 28  8012 
—28  7413 
—28  6816 
— 28  6220 
—28  5628 
— 28  5033 
— 28  4442 
—28  3853 
— 28  3262 
— 28  2674 
— 28  2090 
— 28  1504 
— 28  0919 
— 28  0339 
—27   9756 
—27   9176 
—27   8597 
— 27  8020 
— 27  7446 
—27   6869 
—27   6296 
—27  5724 
—27  5154 
— 27   4584 
—27  4014 
—27  3448 
— 27  2883 
—27   2317 


^3 

621 

615 

616 

615 

613 

611 

612 

608 

608 

607 

603 

605 

602 

601 

599 

599 

597 

596 

592 

595 

591 

589 

591 

588 

584 

586 

585 

580 

583 

580 

579 

577 

574 

577 

573 

572 

570 

570 

570 

566 

565 

566 
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TABLE  III.  LOG  10 

TAXn  A— 

(Cont  ill  lied) 

X 

loof  tanh 

X 

A. 

I 

A 

^ 

A3 

1.280 

9.9327 

1971 

8518 

1 

3496 

2817 

—27 

3448 

565 

1.281 

9.9328 

5468 

1335 

1 

3468 

9934 

—27 

2883 

566 

1.282 

9.9329 

8937 

1269 

1 

3441 

7617 

—27 

2317 

564 

1.283 

9.9331 

2378 

8886 

1 

3414 

5864 

—27 

1753 

561 

1.284 

9.9332 

5793 

4750 

1 

3387 

4672 

—27 

1192 

562 

1.285 

9.9333 

9180 

9422 

1 

3360 

4042 

— 27 

0630 

558 

1.286 

9.9335 

2541 

3464 

1 

3333 

3970 

—27 

0072 

560 

1.287 

9.9336 

5874 

7434 

1 

3306 

4458 

—26 

9512 

556 

1.288 

9.9337 

9181 

1892 

1 

3279 

5502 

—26 

8956 

557 

1.289 

9.9339 

2460 

7394 

1 

3252 

7103 

—26 

8399 

555 

1.290 

9.9340 

5713 

4497 

1 

3225 

9259 

—26 

7844 

552 

1.291 

9.9341 

8939 

3756 

1 

3199 

1967 

—26 

7292 

554 

1.292 

9.9343 

2138 

5723 

1 

3172 

5229 

— 26 

6738 

551 

1.293 

9.9344 

5311 

0952 

1 

3145 

9042 

—26 

6187 

550 

1.294 

9.9345 

8456 

9994 

1 

3119 

3405 

—26 

5637 

547 

1.295 

9.9347 

1576 

3399 

1 

3092 

8315 

—26 

5090 

549 

1.296 

9.9348 

4669 

1714 

1 

3066 

3774 

— 26 

4541 

546 

1.297 

9.9349 

7735 

5488 

1 

3039 

9779 

—26 

3995 

546 

1.298 

9.9351 

0775 

5267 

1 

3013 

6330 

—26 

3449 

542 

1.299 

9.9352 

3789 

1597 

1 

2987 

3423 

—26 

2907  . 

544 

1.300 

9.9353 

6776 

5020 

1 

2961 

1060 

—26 

2363 

542 

1.301 

9.9354 

9737 

6080 

1 

2934 

9239 

— 26 

1821 

540 

1.302 

9.9356 

2672 

5319 

1 

2908 

7958 

—26 

1281 

538 

1.303 

9.9357 

5581 

3277 

1 

2882 

7215 

—26 

0743 

539 

1.304 

9.9358 

8464 

0492 

1 

2856 

7011 

—26 

0204 

536 

1.305 

9.9360 

1320 

7503 

1 

2830 

7343 

—25 

9668 

537 

1.306 

9.9361 

4151 

4846 

1 

2804 

8212 

—25 

9131 

533 

1.307 

9.9362 

6956 

3058 

1 

2778 

9614 

— 25 

8598 

535 

1.308 

9.9363 

9735 

2672 

1 

2753 

1551 

—25 

8063 

531 

1.309 

9.9365 

2488 

4223 

1 

2727 

4019 

—25 

7532 

531 

1.310 

9.9366 

5215 

8242 

1 

2701 

7018 

—25 

7001 

530 

1.311 

9.9367 

7917 

5260 

1 

2676 

0547 

—25 

6471 

529 

1.312 

9.9369 

0593 

5807 

1 

2650 

4605 

—25 

5942 

526 

1.313 

9.9370 

3244 

0412 

1 

2624 

9189 

—25 

5416 

529 

1.314 

9.9371 

5868 

9601 

1 

2599 

4302 

—25 

4887 

522 

1.315 

9.9372 

8468 

3903 

1 

2573 

9937 

—25 

4365 

526 

1.316 

9.9374 

1042 

3840 

1 

2548 

6098 

—25 

3839 

521 

1.317 

9.9375 

3590 

9938 

1 

2523 

2780 

—25 

3318 

524 

1.318 

9.9376 

6114 

2718 

1 

2497 

9986 

—25 

2794 

519 

1.319 

9.9377 

8612 

2704 

1 

2472 

7711 

—25 

2275 

522 

1.320 

9.9379 

1085 

0415 

1 

2447 

5958 

—25 

1753 

515- 

1.321 

9.9380 

3532 

6373 

1 

2422 

4720 

—25 

1238 

520 

1.322 

9.9381 

5955 

1093 

—25 

0718 

424 
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X 

1.320 

1.321 

1.322 

1.323 

1.324 

1.325 

1.326 

1.327 

1.328 

1.329 

1.330 

1.331 

1.332 

1.333 

1.334 

1.335 

1.336 

1.337 

1.338 

1.339 

1.340 

1.341 

1.342 

1.343 

1.344 

1.345 

1.346 

1.347 

1.348 

1.349 

1.350 

1.351 

1.352 

1.353 

1.354 

1.355 

1.356 

1.357 

1.358 

1.359 

1.360 

1.361 

1.362 


TABLE  III.     LOGio 
log  tanli  X 

9.9379  1085  0415 

9.9380  3532  6373 

9.9381  5955  1093 

9.9382  8352  5095 

9.9384  0724  8894 

9.9385  3072  3005 

9.9386  5394  7941 

9.9387  7692  4216 

9.9388  9965  2341 

9.9390  2213  2828 

9.9391  4436  6184 

9.9392  6635  2919 

9.9393  8809  3539 

9.9395  0958  8551 

9.9396  3083  8460 

9.9397  5184  3769 

9.9398  7260  4982 

9.9399  9312  2600 

9.9401  1339  7124 

9.9402  3342  9053 

9.9403  5321  8886 

9.9404  7276  7119 

9.9405  9207   4250 

9.9407  1114^  0774 

9.9408  2996  7185 

9.9409  4855  3975 

9.9410  6690  1637 

9.9411  8501  0663 

9.9413  0288  1543 

9.9414  2051  4763 

9.9415  3791  0814 

9.9416  5507   0180 

9.9417  7199  3349 

9.9418  8868  0804 

9.9420  0513  3029 

9.9421  2135  0507 

9.9422  3733  3718 

9.9423  5308  3146 

9.9424  6859  9266 

9.9425  8388  2561 

9.9426  9893  3504 

9.9428  1375  2574 

9.9429  2834   0245 


TANH  X— 

1  2447  5958 
1  2422  4720 
1  2397   4002 
1  2372  3799 
1  2347  4111 
1  2322  4936 
1  2297  6275 
1  2272  8125 
1  2248  0487 
1  2223  3356 
1  2198  6735 
1  2174  0620 
1  2149  5012 
1  2124  9909 
1  2100  5309 
1  2076  1213 
1  2051  7618 
1  2027   4524 
1  2003  1929 
1  1978  9833 
1   1954  8233 
1  1930  7131 
1  1906  6524 
1  1882  6411 
1  1858  6790 
1  1834  7662 
1   1810  9026 
1  1787   0880 
1   1763  3220 
1  1739  6051 
1  1715  9366 
1  1692  3169 
1  1668  7455 
1   1645  2225 
1  1621  7478 
1  1598  3211 
1  1574  9428 
1   1551  6120 
1   1528  3295 
1   1505  0943 
1   1481  9070 
1  1458  7671 


{Continued) 


A2 
—25  1753 

— 25  1238 

—25  0718 

— 25  0203 

—24  9688 

— 24  9175 

— 24  8661 

— 24  8150 

—24  7638 

—24  7131 

—24  6621 

—24  6115 

—24  5608 

— 24  5103 

— 24  4600 

— 24  4096 

— 24  3595 

— 24  3094 

— 24  2595 

— 24  2096 

—24  1600 

— 24  1102 

— 24  0607 

—24  0113 

—23  9621 

—23  9128 

—23  8636 

— 23  8146 

—23  7660 

— 23  7169 

—23  6685 

—23  6197 

—23  5714 

—23  5230 

— 23  4747 

— 23  4267 

—23  3783 

—23  3308 

—23  2825 

—23  2352 

—23  1873 

— 23  1399 

— 23  0924 


^3 

515 

520 

515 

515 

513 

514 

511 

512 

507 

510 

506 

507 

505 

503 

504 

501 

501 

499 

499 

496 

498 

495 

494 

492 

493 

492 

490 

486 

491 

484 

488 

483 

484 

483 

480 

484 

475 

483 

473 

479 

474 

475 
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TABLE  ]ir.  LOGio 

TANTI  X— 

(Continue 

d) 

X 

10| 

^  tanh 

X 

A 

I 

A 

., 

^?, 

1.360 

9.9426 

9893 

3504 

1 

1481 

9070 

—23 

1873 

474 

1.361 

9.9428 

1375 

2574 

1 

1458 

7671 

—23 

1399 

475 

1.362 

9.9429 

2834 

0245 

1 

1435 

6747 

—23 

0924 

474 

1.363 

9.9430 

4269 

6992 

1 

1412 

6297 

—23 

0450 

472 

1.364 

9.9431 

5682 

3289 

1 

1389 

6319 

— 22 

9978 

471 

1.365 

9.9432 

7071 

9608 

1 

1366 

6812 

—22 

9507 

470 

1.366 

9.9433 

8438 

6420 

1 

1343 

7775 

—22 

9037 

468 

1.367 

9.9434 

9782 

4195 

1 

1320 

9206 

— 22 

8569 

470 

1.368 

9.9436 

1103 

3401 

1 

1298 

1107 

—22 

8099 

466 

1.369 

9.9437 

2401 

4508 

1 

1275 

3474 

—22 

7633 

467 

1.370 

9.9438 

3676 

7982 

1 

1252 

6308 

—22 

7166 

466 

1.371 

9.9439 

4929 

4290 

1 

1229 

9608 

— 22 

6700 

463 

1.372 

9.9440 

6159 

3898 

1 

1207 

3371 

— 22 

6237 

463 

1.373 

9.9441 

7366 

7269 

1 

1184 

7597 

—22 

5774 

463 

1.374 

9.9442 

8551 

4866 

1 

1162 

2286 

— 22 

5311 

462 

1.375 

9.9443 

9713 

7152 

1 

1139 

7437 

— 22 

4849 

459 

1.376 

9.9445 

0853 

4589 

1 

1117 

3047 

— 22 

4390 

458 

1.377 

9.9446 

1970 

7636 

1 

1094 

9115 

—22 

3932 

461 

1.378 

9.9447 

3065 

6751 

1 

1072 

5644 

—22 

3471 

455 

1.379 

9.9448 

4138 

2395 

1 

1050 

2628 

— 22 

3016 

459 

1.380 

9.9449 

5188 

5023 

1 

1028 

0071 

—22 

2557 

453 

1.381 

9.9450 

6216 

5094 

1 

1005 

7967 

— 22 

2104 

455 

1.382 

9.9451 

7222 

3061 

1 

0983 

6318 

— 22 

1649 

454 

1.383 

9.9452 

8205 

9379 

1 

0961 

5123 

—22 

1195 

451 

1.384 

9.9453 

9167 

4502 

1 

0939 

4379 

—22 

0744 

454 

1.385 

9.9455 

0106 

8881 

1 

0917 

4089 

— 22 

0290 

448 

1.386 

9.9456 

1024 

2970 

1 

0895 

4247 

— 21 

9842 

450 

1.387 

9.9457 

1919 

7217 

1 

0873 

4855 

— 21 

9392 

450 

1.388 

9.9458 

2793 

2072 

1 

0851 

5913 

— 21 

8942 

447 

1.389 

9.9459 

3644 

7985 

1 

0829 

7418 

— 21 

8495 

445 

1.390 

9.9460 

4474 

5403 

1 

0807 

9368 

—21 

8050 

447 

1.391 

9.9461 

5282 

4771 

1 

0786 

1765 

— 21 

7603 

445 

1.392 

9.9462 

6068 

6536 

1 

0764 

4607 

—21 

7158 

444 

1.393 

9.9463 

6833 

1143 

1 

0742 

7893 

— 21 

6714 

441 

1.394 

9.9464 

7575 

9036 

1 

0721 

1620 

—21 

6273 

444 

1.395 

9.9465 

8297 

0656 

1 

0699 

5791 

—21 

5829 

440 

1.396 

9.9466 

8996 

6447 

1 

0678 

0402 

—21 

5389 

441 

1.397 

9.9467 

9674 

6849 

1 

0656 

5454 

—21 

4948 

439 

1.398 

9.9469 

0331 

2303 

1 

0635 

0945 

— 21 

4509 

437 

1.399 

9.9470 

0966 

3248 

1 

0613 

6873 

—21 

4072 

437 

1.400 

9.9471 

1580 

0121 

1 

0592 

3238 

— 21 

3635 

437 

1.401 

9.9472 

2172 

3359 

1 

0571 

0040 

—21 

3198 

437 

1.402 

9.9473 

2743 

3399 

— 21 

2761 
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TABLE  III.  LOG 

10  TANH  X— (Continued) 

X 

log  tanh  X 

Ai 

Ao 

As 

1.400 

9.9471  1580  0121 

1 

0592  3238 

—21  3635 

437 

1.401 

9.9472  2172  3359 

1 

0571  0040 

—21  3198 

437 

1.402 

9.9473  2743  3399 

1 

0549  7279 

—21  2761 

433 

1.403 

9.9474  3293  0678 

1 

0528  4951 

— 21  2328 

433 

1.404 

9.9475  3821  5629 

1 

0507  3056 

—21  1895 

433 

1.405 

9.9476  4328  8685 

1 

0486  1594 

—21  1462 

432 

1.406 

9.9477   4815  0279 

1 

0465  0564 

—21  1030 

429 

1.407 

9.9478  5280  0843 

1 

0443  9963 

— 21  0601 

432 

1.408 

9.9479  5724  0806 

1 

0422  9794 

—21  0169 

429 

1.409 

9.9480  6147   0600 

1 

0402  0054 

— 20  9740 

426 

1.410 

9.9481  6549  0654 

1 

0381  0740 

— 20  9314 

429 

1.411 

9.9482  6930  1394 

1 

0360  1855 

—20  8885 

425 

1.412 

9.9483  7290  3249 

1 

0339  3395 

— 20  8460 

425 

1.413 

9.9484  7629  6644 

1 

0318  5360 

— 20  8035 

426 

1.414 

9.9485  7948  2004 

1 

0297  7751 

— 20  7609 

423 

1.415 

9.9486  8245  9755 

1 

0277   0565 

— 20  7186 

422 

1.416 

9.9487   8523  0320 

1 

0256  3801 

—20  6764 

423 

1.417 

9.9488  8779  4121 

1 

0235  7460 

—20  6341 

418 

1.41S 

9.9489  9015  1581 

1 

0215  1537 

—20  5923 

423 

1.419 

9.9490  9230  3118 

1 

0194  6037 

— 20  5500 

417 

1.420 

9.9491  9424  9155 

1 

0174  0954 

—20  5083 

419 

1.421 

9.9492  9599  0109 

1 

0153  6290 

— 20  4664 

418 

1.422 

9.9493  9752  6399 

1 

0133  2044 

— 20  4246 

415 

1.423 

9.9494  9885  ^8443 

1 

0112  8213 

—20  3831 

416 

1.424 

9.9495  9998  6656 

1 

0092  4798 

—20  3415 

414 

1.425 

9.9497   0091  1454 

1 

0072  1797 

—20  3001 

415 

1.426 

9.9498  0163  3251 

1 

0051  9211 

— 20  2586 

412 

1.427 

9.9499  0215  2462 

1 

0031  7037 

— 20  2174 

411 

1.42S 

9.9500  0246  9499 

1 

0011  5274 

—20  1763 

413 

1.429 

9.9501   0258  4773 

9991  3924 

—20  1350 

410 

1.430 

9.9502  0249  8697 

9971  2984 

— 20  0940 

408 

1.431 

9.9503  0221  1681 

9951  2452 

—20  0532 

410 

1.432 

9.9504  0172  4133 

9931  2330 

— 20  0122 

405 

1.433 

9.9505  0103  6463 

9911  2613 

—19  9717 

410 

1.434 

9.9506  0014  9076 

9891  3306 

—19  9307 

404 

1.435 

9.9506  9906  2382 

9871  4403 

—19  8903 

406 

1.436 

9.9507  9777  6785 

9851  5906 

—19  8497 

405 

1.437 

9.9508  9629  2691 

9831  7814 

— 19  8092 

400 

1.438 

9.9509  9461  0505 

9812  0122 

—19  7692 

407 

1.439 

9.9510  9273  0627 

9792  2837 

—19  7285 

399 

1.440 

9.9511  9065  3464 

9772  5951 

— 19  6886 

401 

1.441 

9.9512  8837   9415 

9752  9466 

— 19  6485 

399 

1.442 

9.9513  8590  8881 

—19  6086 
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TABLE  III.  LOGio 

TANH  A— 

{Continued) 

X 

log  tanh 

X 

A- 

I 

A, 

,^ 

A. 

1.440 

9.9511 

9065 

3464 

9772 

5951 

—19 

6886 

401 

1.441 

9.9512 

8837 

9415 

9752 

9466 

—19 

6485 

399 

1.442 

9.9513 

8590 

8881 

9733 

3380 

—19 

6086 

401 

1.443 

9.9514 

8324 

2261 

9713 

7695 

—19 

5685 

397 

1.444 

9.9515 

8037 

9956 

9694 

2407 

—19 

5288 

399 

1.445 

9.9516 

7732 

2363 

9674 

7518 

—19 

4889 

395 

1.446 

9.9517 

7406 

9881 

9655 

3024 

—19 

4494 

396 

1.447 

9.9518 

7062 

2905 

9635 

8926 

—19 

4098 

394 

1.448 

9.9519 

6698 

1831 

9616 

5222 

—19 

3704 

397 

1.449 

9.9520 

6314 

7053 

9597 

1915 

—19 

3307 

392 

1.450 

9.9521 

5911 

8968 

9577 

9000 

—19 

2915 

391 

1.451 

9.9522 

5489 

7968 

9558 

6476 

—19 

2524 

393 

1.452 

9.9523 

5048 

4444 

9539 

4345 

—19 

2131 

389 

1.453 

9.9524 

4587 

8789 

9520 

2603 

—19 

1742 

392 

1.454 

9.9525 

4108 

1392 

9501 

1253 

—19 

1350 

389 

1.455 

9.9526 

3609 

2645 

9482 

0292 

—19 

0961 

388 

1.456 

9.9527 

3091 

2937 

9462 

9719 

—19 

0573 

387 

1.457 

9.9528 

2554 

2656 

9443 

9533 

—19 

0186 

387 

1.45S 

9.9529 

1998 

2189 

9424 

9734 

—18 

9799 

385 

1.459 

9.9530 

1423 

1923 

9406 

0320 

—18 

9414 

387 

1.460 

9.9531 

0829 

2243  . 

9387 

1293 

—18 

9027 

384 

1.461 

9.9532 

0216 

3536 

9368 

2650 

—18 

8643 

381 

1.462 

9.9532 

9584 

6186 

9349 

4388 

—18 

8262 

385 

1.463 

9.9533 

8934 

0574 

9330 

6511 

—18 

7877 

380 

1.464 

9.9534 

8264 

7085 

9311 

9014 

—18 

7497 

383 

1.465 

9.9535 

7576 

6099 

9293 

1900 

— 18 

7114 

379 

1.466 

9.9536 

6869 

7999 

9274 

5165 

—IS 

6735 

380 

1.467 

9.9537 

6144 

3164 

9255 

8810 

—18 

6355 

380 

1.468 

9.9538 

5400 

1974 

9237 

2835 

—18 

5975 

375 

1.469 

9.9539 

4637 

4809 

9218 

7235 

—18 

5600 

379 

1.470 

9.9540 

3856 

2044 

9200 

2014 

—IS 

5221 

376 

1.471 

9.9541 

3056 

4058 

9181 

7169 

—IS 

4845 

375 

1.472 

9.9542 

2238 

1227 

9163 

2699 

—IS 

4470 

375 

1.473 

9.9543 

1401 

3926 

9144 

8604 

—18 

4095 

372 

1.474 

9.9544 

0546 

2530 

9126 

4881 

—18 

3723 

376 

1.475 

9.9544 

9672 

7411 

9108 

1534 

—18 

3347 

371 

1.476 

9.9545 

8780 

8945 

9089 

8558 

—IS 

2976 

372 

1.477 

9.9546 

7870 

7503 

9071 

5954 

— 18 

2604 

371 

1.478 

9.9547 

6942 

3457 

9053 

3721 

—18 

2233 

368 

1.479 

9.9548 

5995 

7178 

9035 

1856 

—18 

1865 

371 

1.480 

9.9549 

5030 

9034 

9017 

0362 

—18 

1494 

369 

1.481 

9.9550 

4047 

9396 

8998 

9237 

—IS 

1125 

366 

1.482 

9.9551 

3046 

8633 

—18 

0759 

428 
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TABLE  III.  LOGio 

TANH 

X — (Continued) 

X 

log 

tanh  a 

Ai 

^2 

A3 

1.4S0 

9.9549 

5030 

9034 

9017 

0362 

-18 

1494 

369 

1.481 

9.9550 

4047 

9396 

8998 

9237 

—18 

1125 

366 

1.482 

9.9551 

3046 

8633 

8980 

8478 

—18 

0759 

369 

1.483 

9.9552 

2027 

7111 

8962 

8088 

—18 

0390 

365 

1.484 

9.9553 

0990 

5199 

8944 

8063 

-18 

0025 

365 

1.485 

9.9553 

9935 

3262 

8926 

8403 

—17 

9660 

364 

1.486 

9.9554 

8862 

1665 

8908 

9107 

—17 

9296 

365 

1.487 

9.9555 

7771 

0772 

8891 

0176 

—17 

8931 

363 

1.488 

9.9556 

6662 

0948 

8873 

1608 

—17 

8568 

362 

1.489 

9.9557 

5535 

2556 

8855 

3402 

—17 

8206 

362 

1.490 

9.9558 

4390 

5958 

8837 

5558 

—17 

7844 

360 

1.491 

9.9559 

3228 

1516 

8819 

8074 

—17 

7484 

361 

1.492 

9.9560 

2047 

9590 

8802 

0951 

—17 

7123 

361 

1.493 

9.9561 

0850 

0541 

8784 

4189 

— 17 

6762 

355 

1.494 

9.9561 

9634 

4730 

8766 

7782 

—17 

6407 

360 

1.495 

9.9562 

8401 

2512 

8749 

1735 

— 17 

6047 

356 

1.496 

9.9563 

7150 

4247 

8731 

6044 

—17 

5691 

358 

1.497 

9.9564 

5882 

0291 

8714 

0711 

—17 

5333 

353 

1.498 

9.9565 

4596 

1002 

8696 

5731 

— 17 

4980 

356 

1.499 

9.9566 

3292 

6733 

8679 

1107 

—17 

4624 

356 

1.500 

9.9567 

1971 

7840 

8661 

6839 

— 17 

4268 

351 

1.501 

9.9568 

0633 

4679 

8644 

2922 

—17 

3917 

352 

1.502 

9.9568 

9277 

7601 

8626 

9357 

—17 

3565 

354 

1.503 

9.9569 

7904 

$958 

8609 

6146 

—17 

3211 

350 

1.504 

9.9570 

6514 

3104 

8592 

3285 

—17 

2861 

351 

1.505 

9.9571 

5106 

6389 

8575 

0775 

—17 

2510 

349 

1.506 

9.9572 

3681 

7164 

8557 

8614 

—17 

2161 

350 

1.507 

9.9573 

2239 

5778 

8540 

6803 

—17 

1811 

348 

1.508 

9.9574 

0780 

2581 

8523 

5340 

—17 

1463 

346 

1.509 

9.9574 

9303 

7921 

8506 

4223 

—17 

1117 

349 

1.510 

9.9575 

7810 

2144 

8489 

3455 

—17 

0768 

344 

1.511 

9.9576 

6299 

5599 

8472 

3031 

—17 

0424 

346 

1.512 

9.9577 

4771 

8630 

8455 

2953 

—17 

0078 

346 

1.513 

9,9578 

3227 

1583 

8438 

3221 

—16 

9732 

343 

1.514 

9.9579 

1665 

4804 

8421 

3832 

—16 

9389 

343 

1.515 

9.9580 

0086 

8636 

8404 

4786 

— 16 

9046 

342 

1.516 

9.9580 

8491 

3422 

8387 

6082 

—16 

8704 

343 

1.517 

9.9581 

6878 

9504 

8370 

7721 

—16 

8361 

340 

1.518 

9.9582 

5249 

7225 

8353 

9700 

—16 

8021 

340 

1.519 

9.9583 

3603 

6925 

8337 

2019 

—16 

7681 

340 

1.520 

9.9584 

1940 

8944 

8320 

4678 

—16 

7341 

340 

1.521 

9.9585 

0261 

3622 

8303 

7677 

—16 

7001 

338 

1.522 

9.9585 

8565 

1299 

—16 

6663 

Vol.  1]  Pcrnot-Woods. — Logarithms  of  Hyperbolic  Functions  429 


TABLE  UT.     LOGio  TANTI  X— (Continued) 


X 

log  tanh 

X 

A. 

I 

A 

2 

A3 

1.520 

9.9584 

1940 

8944 

8320 

4678 

—16 

7341 

340 

1.521 

9.9585 

0261 

3622 

8303 

7677 

—16 

7001 

338 

1.522 

9.9585 

8565 

1299 

8287 

1014 

— 16 

6663 

336 

1.523 

9.9586 

6852 

2313 

8270 

4687 

—16 

6327 

338 

1.524 

9.9587 

5122 

7000 

8253 

8698 

—16 

5989 

336 

1.525 

9.9588 

3376 

5698 

8237 

3045 

—16 

5653 

335 

1.526 

9.9589 

1613 

8743 

8220 

7727 

—16 

5318 

336 

1.527 

9.9589 

9834 

6470 

8204 

2745 

—16 

4982 

332 

1.528 

9.9590 

8038 

9215 

8187 

8095 

—16 

4650 

335 

1.529 

9.9591 

6226 

7310 

8171 

3780 

—16 

4315 

332 

1.530 

9.9592 

4398 

1090 

8154 

9797 

—16 

3983 

333 

1.531 

9.9593 

2553 

0887 

8138 

6147 

—16 

3650 

329 

1.532 

9.9594 

0691 

7034 

8122 

2826 

—16 

3321 

332 

1.533 

9.9594 

8813 

9860 

8105 

9837 

—16 

2989 

330 

1.534 

9.9595 

6919 

9697 

8089 

7178 

—16 

2659 

329 

1.535 

9.9596 

5009 

6875 

8073 

4848 

— 16 

2330 

328 

1.536 

9.9597 

3083 

1723 

8057 

2846 

—16 

2002 

328 

1.537 

9.9598 

1140 

4569 

8041 

1172 

—16 

1674 

328 

1.53S 

9.9598 

9181 

5741 

8024 

9826 

—16 

1346 

324 

1.539 

9.9599 

7206 

5567 

8008 

8804 

—16 

1022 

331 

1.540 

9.9600 

5215 

4371 

7992 

8113 

—16 

0691 

320 

1.541 

9.9601 

3208 

2484 

7976 

7742 

—16 

0371 

326 

1.542 

9.9602 

1185 

0226 

7960 

7697 

—16 

0045 

325 

1.543 

9.9602 

9145 

7923 

7944 

7977 

—15 

9720 

322 

1.544 

9.9603 

7090 

5900 

7928 

8579 

—15 

9398 

323 

1.545 

9.9604 

5019 

4479 

7912 

9504 

—15 

9075 

320 

1.546 

9.9605 

2932 

3983 

7897 

0749 

—15 

8755 

324 

1.547 

9.9606 

0829 

4732 

7881 

2318 

—15 

8431 

318 

1.54S 

9.9606 

8710 

7050 

7865 

4205 

—15 

8113 

321 

1.549 

9.9607 

6576 

1255 

7849 

6413 

—15 

7792 

320 

1.550 

9.9608 

4425 

7668 

7833 

8941 

—15 

7472 

316 

1.551 

9.9609 

2259 

6609 

7818 

1785 

—15 

7156 

319 

1.552 

9.9610 

0077 

8394 

7802 

4948 

—15 

6837 

317 

1.553 

9.9610 

7880 

3342 

7786 

8428 

—15 

6520 

317 

1.554 

9.9611 

5667 

1770 

7771 

2225 

—15 

6203 

315 

1.555 

9.9612 

3438 

3995 

7755 

6337 

—15 

5888 

316 

1.556 

9.9613 

1194 

0332 

7740 

0765 

—15 

5572 

314 

1.557 

9.9613 

8934 

1097 

7724 

5507 

—15 

5258 

315 

1.558 

9.9614 

6658 

6604 

7709 

0564 

—15 

4943 

312 

1.559 

9.9615 

4367 

7168 

7693 

5933 

—15 

4631 

313 

1.560 

9.9616 

2061 

3101 

7678 

1615 

—15 

4318 

311 

1.561 

9.9616 

9739 

4716 

7662 

7608 

—15 

4007 

312 

1.562 

9.9617 

7402 

2324 

—15 

3695 
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TABLE  III.  LOGio 

TANH  X — (Continued) 

X 

log  tanh  X 

Ai 

Ao 

A3 

1.560 

9.9616  2061  3101 

7678  1615 

—15  4318 

311 

1.561 

9.9616  9739  4716 

7662  7608 

—15  4007 

312 

1.562 

9.9617  7402  2324 

7647  3913 

—15  3695 

312 

1.563 

9.9618  5049  6237 

7632  0530 

—15  3383 

309 

1.564 

9.9619  2681  6767 

7616  7456 

—15  3074 

307 

1.565 

9.9620  0298  4223 

7601  4689 

—15  2767 

312 

1.566 

9.9620  7899  8912 

7586  2234 

— 15  2455 

307 

1.567 

9.9621  5486  1146 

7571  0086 

— 15  2148 
— 15  1841 

307 

1.568 

9.9622  3057   1232 

7555  8245 

— 15  1534 

307 

1.569 

9.9623  0612  9477 

7540  6711 

— 15  1228 

306 

1.570 

9.9623  8153  6188 

7525  5483 

307 

1.571 

9.9624  5679  1671 

7510  4562 

— 15  0921 

304 

1.572 

9.9625  3189  6233 

7495  3945 

— 15  0617 

304 

1.573 

9.9626  0685  0178 

7480  3632 

— 15  0313 

302 

1.574 

9.9626  8165  3810 

7465  3621 

— 15  0011 

306 

1.575 

9.9627   5630  7431 

7450  3916 

— 14  9705 

300 

1.576 

9.9628  3081  1347 

7435  4511 

—14  9405 

303 

1.577 

9.9629  0516  5858 

7420  5409 

— 14  9102 

301 

1.578 

9.9629  7937   1267 

7405  6608 

— 14  8801 

302 

1.579 

9.9630  5342  7875 

7390  8109 

—14  8499 

297 

1.580 

9.9631  2733  5984 

7375  9907 

— 14  8202 

302 

1.581 

9.9632  0109  5891 

7361  2007 

— 14  7900 

297 

1.582 

9.9632  7470  7898 

7346  4404 

—14  7603 

298 

1.583 

9.9633  4817^  2302 

7331  7099 

—14  7305 

297 

1.584 

9.9634  2148  9401 

7317   0091 

—14  7008 

299 

1.585 

9.9634  9465  9492 

7302  3382 

—14  6709 

296 

1.586 

9.9635  6768  2874 

7287  6969 

—14  6413 

294 

1.587 

9.9636  4055  9843 

7273  0850 

—14  6119 

295 

1.588 

9.9637  1329  0693 

7258  5026 

— 14  5824 

295 

1.589 

9.9637  8587  5719 

7243  9497 

—14  5529 

294 

1.590 

9.9638  5831  5216 

7229  4262 

—14  5235 

293 

1.591 

9.9639  3060  9478 

7214  9320 

— 14  4942 

292 

1.592 

9.9640  0275  8798 

7200  4670 

— 14  4650 

294 

1.593 

9.9640  7476  3468 

7186  0314 

—14  4356 

290 

1.594 

9.9641  4662  3782 

7171  6248 

—14  4066 

291 

1.595 

9.9642  1834  0030 

7157  2473 

—14  3775 

289 

1.596 

9.9642  8991  2503 

7142  8987 

— 14  3486 

290 

1.597 

9.9643  6134  1490 

7128  5791 

— 14  3196 

291 

1.598 

9.9644  3262  7281 

7114  2886 

— 14  2905 

286 

1.599 

9.9645  0377  0167 

7100  0267 

— 14  2619 

288 

1.600 

9.9645  7477   0434 

7085  7936 

— 14  2331 

289 

1.601 

9.9646  4562  8370 

7071  5894 

— 14  2042 

285 

1.602 

9.9647   1634  4264 

—14  1757 
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TABLE  nr.  LOGio 

TANir  .Y— 

(Continued) 

X 

log  tanh 

X 

A. 

1 

A, 

,, 

^?. 

1.600 

9.9645 

7477 

0434 

7085 

7936 

—14 

2331 

289 

1.601 

9.9646 

4562 

8370 

7071 

5894 

—14 

2042 

285 

1.602 

9.9647 

1634 

4264 

7057 

4137 

—14 

1757 

287 

1.603 

9.9647 

8691 

8401 

7043 

2667 

—14 

1470 

284 

1.604 

9.9648 

5735 

1068 

7029 

1481 

—14 

1186 

285 

1.605 

9.9649 

2764 

2549 

7015 

0580 

— 14 

0901 

286 

1.606 

9.9649 

9779 

3129 

7000 

9965 

—14 

0615 

283 

1.607 

9.9650 

6780 

3094 

6986 

9633 

—14 

0332 

283 

1.608 

9.9651 

3767 

2727 

6972 

9584 

—14 

0049 

281 

1.609 

9.9652 

0740 

2311 

6958 

9816 

—13 

9768 

284 

1.610 

9.9652 

7699 

2127 

6945 

0332 

—13 

9484 

280 

1.611 

9.9653 

4644 

2459 

6931 

1128 

—13 

9204 

283 

1.612 

9.9654 

1575 

3587 

6917 

2207 

—13 

8921 

277 

1.613 

9.9654 

8492 

5794 

6903 

3563 

—13 

8644 

282 

1.614 

9.9655 

5395 

9357 

6889 

5201 

—13 

8362 

278 

1.615 

9.9656 

2285 

4558 

6875 

7117 

—13 

8084 

279 

1.616 

9.9656 

9161 

1675 

6861 

9312 

—13 

7805 

277 

1.617 

9.9657 

6023 

0987 

6848 

1784 

—13 

7528 

278 

1.618 

9.9658 

2871 

2771 

6834 

4534 

—13 

7250 

278 

1.619 

9.9658 

9705 

7305 

6820 

7562 

—13 

6972 

274 

1.620 

9.9659 

6526 

4867 

6807 

0864 

—13 

6698 

276 

1.621 

9.9660 

3333 

5731 

6793 

4442 

—13 

6422 

276 

1.622 

9.9661 

0127 

0173 

6779 

8296 

—13 

6146 

274 

1.623 

9.9661 

6906 

8469 

6766 

2424 

—13 

5872 

274 

1.624 

9.9662 

3673 

0893 

6752 

6826 

—13 

5598 

275 

1.625 

9.9663 

0425 

7719 

6739 

1503 

—13 

5323 

270 

1.626 

9.9663 

7164 

9222 

6725 

6450 

—13 

5053 

273 

1.627 

9.9664 

3890 

5672 

6712 

1670 

—13 

4780 

273 

1.628 

9.9665 

0602 

7342 

6698 

7163 

— 13 

4507 

271 

1.629 

9.9665 

7301 

4505 

6685 

2927 

—13 

4236 

269 

1.630 

9.9666 

3986 

7432 

6671 

8960 

—13 

3967 

271 

1.631 

9.9667 

0658 

6392 

6658 

5264 

—13 

3696 

269 

1.632 

9.9667 

7317 

1656 

6645 

1837 

—13 

3427 

270 

1.633 

9.9668 

3962 

3493 

6631 

8680 

—13 

3157 

266 

1.634 

9.9669 

0594 

2173 

6618 

5789 

—13 

2891 

271 

1.635 

9.9669 

7212 

7962 

6605 

3169 

—13 

2620 

266 

1.636 

9.9670 

3818 

1131 

6592 

0815 

—13 

2354 

267 

1.637 

9.9671 

0410 

1946 

6578 

8728 

—13 

2087 

266 

1.638 

9.9671 

6989 

0674 

6565 

6907 

— 13 

1821 

263 

1.639 

9.9672 

3554 

7581 

6552 

5349 

—13 

1558 

268 

1.640 

9.9673 

0107 

2930 

6539 

4059 

—13 

1290 

264 

1.641 

9.9673 

6646 

6989 

6526 

3033 

—13 

1026 

264 

1.642 

9.9674 

3173 

0022 

—13 

0762 

432 
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X 
1.640 
1.641 
1.642 
1,643 
1.644 
1.645 
1.646 
1.647 
1.648 
1.649 
1.650 
1.651 
1.652 
1.653 
1.654 
1.655 
1.656 
1.657 
1.658 
1.659 
1.660 
1.661 
1.662 
1.663 
1.664 
1.665 
1.666 
1.667 
1.668 
1.669 
1.670 
1.671 
1.672 
1.673 
1.674 
1.675 
1.676 
1.677 
1.678 
1.679 
1.680 
1.681 
1.682 


TABLE  III.     LOGio 
log  tanh  X 
9.9673     0107     2930 

9.9673  6646  6989 

9.9674  3173  0022 

9.9674  9686  2293 

9.9675  6186  4066 

9.9676  2673  5603 

9.9676  9147  7166 

9.9677  5608  9018 

9.9678  2057   1420 

9.9678  8492  4633 

9.9679  4914  8916 

9.9680  1324  4530 

9.9680  7721  1734 

9.9681  4105  0786 

9.9682  0476  1945 

9.9682  6834  5467 

9.9683  3180  1611 

9.9683  9513  0632 

9.9684  5833  2787 

9.9685  2140  8331 

9.9685  8435  7520 

9.9686  4718  0608 

9.9687  0987  7848 

9.9687  7244  *  9493 

9.9688  3489  5797 

9.9688  9721  7012 

9.9689  5941  3390 

9.9690  2148  5183 

9.9690  8343  2640 

9.9691  4525  6012 

9.9692  0695  5550 

9.9692  6853  1502 

9.9693  2998  4118 

9.9693  9131  3646 

9.9694  5252  0334 

9.9695  1360  4428 

9.9695  7456  6176 

9.9696  3540  5823 

9.9696  9612  3614 

9.9697  5671  9798 

9.9698  1719  4615 

9.9698  7754  8312 

9.9699  3778  1134 


TANH  X 

6539  4059 
6526  3033 
6513  2271 
6500  1773 
6487  1537 
6474  1563 
6461   1852 
6448  2402 
6435  3213 
6422  4283 
6409  5614 
6396  7204 
6383  9052 
6371  1159 
6358  3522 
6345  6144 
6332  9021 
6320  2155 
6307   5544 
6294  9189 
6282  3088 
6269  7240 
6257   1645 
6244  6304 
6232  1215 
6219  6378 
6207   1793 
6194  7457 
6182  3372 
6169  9538 
6157  5952 
6145  2616 
6132  9528 
6120  6688 
6108  4094 
6096  1748 
6083  9647 
6071  7791 
6059  6184 
6047  4817 
6035  3697 
6023  2822 


(Continued) 

—13  1290 
—13  1026 
—13  0762 
—13  0498 
—13  0236 
—12  9974 
—12  9711 
— 12  9450 
— 12  9189 
— 12  8930 
—12  8669 
— 12  8410 
— 12  8152 
— 12  7893 
— 12  7637 
—12  7378 
—12  7123 
—12  6866 
—12  6611 
—12  6355 
—12  6101 
—12  5848 
—12  5595 
—12  5341 
—12  5089 
—12  4837 
—12  4585 
— 12  4336 
— 12  4085 
—12  3834 
—12  3586 
—12  3336 
—12  3088 
— 12  2840 
—12  2594 
— 12  2346 
— 12  2101 
—12   1856 
—12  1607 
—12  1367 
— 12  1120 
— 12   0875 
— 12   0634 


A, 

264 

264 

264 

262 

262 

263 

261 

261 

259 

261 

259 

258 

259 

256 

259 

255 

257 

255 

256 

254 

253 

253 

254 

252 

252 

252 

249 

251 

251 

248 

250 

248 

248 

246 

248 

245 

245 

249 

240 

247 

245 

241 
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TABLE  ]IT.  LOG  10 

TANH 

'.  X — (Continued) 

X 

log 

tanh  X 

Ai 

A, 

A. 

1.680 

9.9698 

1719 

4615 

6035 

3697 

—12 

1120 

245 

1.6S1 

9.9698 

7754 

8312 

6023 

2822 

—12 

0875 

241 

1.682 

9.9699 

3778 

1134 

6011 

2188 

—12 

0634 

244 

1.683 

9.9699 

9789 

3322 

5999 

1798 

—12 

0390 

240 

1.684 

9.9700 

5788 

5120 

5987 

1648 

—12 

0150 

243 

1.685 

9.9701 

1775 

6768 

5975 

1741 

—11 

9907 

243 

1.686 

9.9701 

7750 

8509 

5963 

2077 

—11 

9664 

239 

1.687 

9.9702 

3714 

0586 

5951 

2652 

— 11 

9425 

242 

1.688 

9.9702 

9665 

3238 

5939 

3469 

—11 

9183 

237 

1.689 

9.9703 

5604 

6707 

5927 

4523 

—11 

8946 

242 

1.690 

9.9704 

1532 

1230 

5915 

5819 

— 11 

8704 

236 

1.691 

9.9704 

7447 

7049 

5903 

7351 

—11 

8468 

241 

1.692 

9.9705 

3351 

4400 

5891 

9124 

—11 

8227 

236 

1.693 

9.9705 

9243 

3524 

5880 

1133 

—11 

7991 

238 

1.694 

9.9706 

5123 

4657 

5868 

3380 

—11 

7753 

238 

1.695 

9.9707 

0991 

8037 

5856 

5865 

—11 

7515 

235 

1.696 

9.9707 

6848 

3902 

5844 

8585 

—11 

7280 

236 

1.697 

9.9708 

2693 

2487 

5833 

1541 

—11 

7044 

237 

1.698 

9.9708 

8526 

4028 

5821 

4734 

— 11 

6807 

232 

1.699 

9.9709 

4347 

8762 

5809 

8159 

— 11 

6575 

237 

1.700 

9.9710 

0157 

6921 

5798 

1821 

— 11 

6338 

233 

1.701 

9.9710 

5955 

8742 

5786 

5716 

—11 

6105 

233 

1.702 

9.9711 

1742 

4458 

5774 

9844 

—11 

5872 

235 

1.703 

9.9711 

7517 

4302 

5763 

4207 

— 11 

5637 

231 

1.704 

9.9712 

3280 

8509 

5751 

8801 

— 11 

5406 

233 

1.705 

9.9712 

9032 

7310 

5740 

3628 

—11 

5173 

231 

1.706 

9.9713 

4773 

0938 

5728 

8686 

— 11 

4942 

230 

1.707 

9.9714 

0501 

9624 

5717 

3974 

— 11 

4712 

232 

1.708 

9.9714 

6219 

3598 

5705 

9494 

—11 

4480 

230 

1.709 

9.9715 

1925 

3092 

5694 

5244 

— 11 

4250 

232 

1.710 

9.9715 

7619 

8336 

5683 

1226 

—11 

4018 

225 

1.711 

9.9716 

3302 

9562 

5671 

7433 

—11 

3793 

232 

1.712 

9.9716 

8974 

6995 

5660 

3872 

—11 

3561 

226 

1.713 

9.9717 

4635 

0867 

5649 

0537 

— 11 

3335 

229 

1.714 

9.9718 

0284 

1404 

5637 

7431 

— 11 

3106 

228 

1.715 

9.9718 

5921 

8835 

5626 

4553 

—11 

2878 

226 

1.716 

9.9719 

1548 

3388 

5615 

1901 

—11 

2652 

227 

1.717 

9.9719 

7163 

5289 

5603 

9476 

— 11 

2425 

227 

1.718 

9.9720 

2767 

4765 

5592 

7278 

—11 

2198 

223 

1.719 

9.9720 

8360 

2043 

5581 

5303 

— 11 

1975 

227 

1.720 

9.9721 

3941 

7346 

5570 

3555 

— 11 

1748 

224 

1.721 

9.9721 

9512 

0901 

5559 

2031 

—11 

1524 

225 

1.722 

9.9722 

5071 

2932 

—11 

1299 

434 
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TABLE  III.     LOGio  TAXH  X—{Continu€dy 


X 

log 

tanh  X 

Ai 

-5^2 

A3 

1.720 

9.9721 

3941 

734€ 

5570 

3555 

11 

1748 

224 

1.721 

9.9721 

9512 

0901 

5559 

2031 

—11 

1524 

225 

1.722 

9.9722 

5071 

2932 

5548 

0732 

11 

1299 

224 

1.723 

9  9723 

0619 

3664 

5536 

9657 

—11 

1075 

222 

1.724 

9.9723 

6156 

3321 

5525 

8804 

—11 

0853 

224 

1.725 

9.9724 

1682 

2125 

5514 

8175 

—11 

0629 

221 

1.726 

9.9724 

7197 

0300 

5503 

7767 

—11 

0408 

222 

1.727 

9.9725 

2700 

8067 

5492 

7581 

—11 

0186 

223 

1.72S 

9.9725 

8193 

56-18 

5481 

7618 

— 10 

9963 

220 

1.729 

9.9726 

3675 

3266 

5470 

7875 

—10 

9743 

221 

1.730 

9.9726 

91^6 

1141 

5459 

8353 

—10 

9522 

219 

1.731 

9.9727 

4605 

9494 

5448 

9050 

—10 

9303 

220 

1.732 

99728 

0054 

8544 

5437 

9967 

— 10 

9083 

220 

1.733 

9.9728 

5492 

8511 

5427 

1104 

—10 

8S63 

218 

1.734 

9.9729 

0919 

9615 

5416 

2459 

—10 

8645 

219 

1.735 

9.9729 

6336 

2074 

5405 

4033 

—10 

8426 

219 

1.736 

9.9730 

1741 

6107 

5394 

5826 

—10 

8207 

214 

1.737 

9.9730 

7136 

1933 

5383 

7833 

— 10 

7993 

221 

1.738 

9.9731 

2519 

9766 

5373 

0061 

—10 

7772 

213 

1.739 

9.9731 

7892 

9827 

5562 

2502 

—10 

7559 

219 

1.740 

9.9732 

3255 

2329 

5351 

5162 

—10 

7340 

215 

1.741 

9.9732 

8606 

7491 

5340 

8037 

—10 

7125 

214 

1.742 

9.9733 

3947 

5528 

5330 

1126 

—10 

6911 

216 

1.743 

9.9733 

9277 

.6654 

5319 

4431 

—10 

6695 

213 

1.744 

9.9734 

4597 

1085 

5308 

7949 

—10 

6482 

216 

1.745 

9.9734 

9905 

9034 

5298 

1683 

—10 

6266 

211 

1.746 

9.9735 

5204 

0717 

5287 

5628 

—10 

6055 

215 

1.747 

9.9736 

0491 

6345 

5276 

9788 

—10 

5840 

213 

1.74S 

9.9736 

5758 

6133 

5266 

4161 

—10 

5627 

211 

1.749 

9.9737 

1035 

0294 

5255 

8745 

—10 

5416 

211 

1.750 

9.9737 

6290 

9039 

5245 

3540 

—10 

5205 

213 

1.751 

9.9738 

1536 

2579 

5234 

8548 

—10 

4992 

209 

1.752 

9.9738 

6771 

1127 

5224 

3765 

—10 

4783 

213 

1.753 

9.9739 

1995 

4892 

5213 

9195 

—10 

4570 

209 

1.754 

9.9739 

7209 

4087 

5203 

4834 

—10 

4361 

211 

1.755 

9.9740 

2412 

8921 

5193 

0684 

— 10 

4150 

206 

1.756 

9.9740 

7605 

9605 

5182 

6740 

—10 

3944 

211 

1.757 

9.9741 

2788 

6345 

5172 

3007 

—10 

3733 

207 

1.758 

9.9741 

7960 

9352 

5161 

9481 

—10 

3526 

210 

1.759 

9.9742 

3122 

8833 

5151 

6165 

—10 

3316 

206 

1.760 

9.9742 

8274 

4998 

5141 

3055 

—10 

3110 

207 

1.761 

9.9743 

3415 

8053 

5131 

0152 

—10 

2903 

207 

1.762 

9.9743 

8546 

8205 

—10 

2696 

Vol.  1]  Pernot-Woods. — Logarithms  of  HyptrboUc  Functions  435 


TABLE  III.  LOGio 

TAXH  X— {Continue 

d) 

r 

loir  tauh 

J- 

A, 

A 

A 

1.760 

9  9742 

8274 

4998 

5141 

3055 

—10 

3110 

207 

1.761 

99743 

3415 

8053 

5131 

0152 

—10 

2903 

207 

1.762 

99743 

8546 

8205 

5120 

7456 

—10 

2696 

205 

1.763 

99744 

3667 

5661 

5110 

4965 

—10 

2491 

208 

1.764 

9.9744 

S77S 

0626 

5100 

2682 

—10 

2283 

206 

1.765 

99745 

3S7S 

3303 

5090 

0605 

—10 

2077 

203 

1.766 

9.9745 

8968 

3913 

5079 

8731 

—10 

1874 

205 

1.767 

99746 

4048 

2644 

5069 

7062 

—10 

1669 

204 

1.768 

99746 

9117 

9706 

5059 

5597 

—10 

1465 

203 

1.769 

9.9747 

4177 

5303 

5049 

4335 

—10 

1262 

206 

1.770 

9.9747 

9226 

963  S 

5039 

3279 

—10 

1056 

202 

1.771 

9.9748 

4266 

2917 

5029 

2425 

—10 

0854 

201 

1.772 

9.9748 

9295 

5342 

5019 

1772 

—10 

0653 

202 

1.773 

9.9749 

4314 

7114 

5009 

1321 

—10 

0451 

205 

1.774 

9.9749 

9323 

8435 

4999 

1C75 

—10 

0246 

198 

1.775 

9.9750 

4322 

9510 

4989 

1027 

—10 

0C4S 

201 

1.776 

9.9750 

9312 

0537 

4979 

1180 

—  9 

9S47 

202 

L777 

9.9751 

4291 

1717 

4969 

1535 

—  9 

96-5 

199 

1.778 

99751 

9260 

3252 

4959 

2089 

—  9 

9-46 

200 

1.779 

9.9752 

4219 

5341 

4949 

2S43 

—  9 

92-6 

200 

1.780 

9.9752 

9168 

SI  84 

4939 

3797 

—  9 

9046 

197 

1.781 

9.9753 

4108 

19S1 

4929 

4948 

—  9 

8849 

201 

1.782 

9.9753 

9037 

6929 

4919 

6300 

—  9 

36-3 

196 

1.783 

9.9754 

3957 

3229 

4909 

7848 

—  9 

3452 

193 

1.784 

9.9754 

8867 

1077 

4899 

9594 

—  9 

3234 

197 

1.785 

9.9755 

3767 

0671 

4890 

1537 

—  9 

SC57 

198 

1.786 

9.9755 

8657 

2208 

4880 

3678 

—  9 

7859 

196 

1.787 

9.9756 

3537 

5886 

4870 

6015 

—  9 

7663 

197 

1.788 

9  9756 

8408 

1901 

4860 

8549 

—  9 

7466 

193 

1.789 

9.9757 

3269 

0450 

4851 

1276 

—  9 

7273 

199 

1.790 

9.9757 

8120 

1726 

4841 

4202 

—  9 

7074 

191 

1.791 

9.9758 

2961 

5928 

4831 

7319 

—  9 

6833 

196 

1.792 

9.9758 

7793 

3247 

4822 

C632 

—  9 

663^ 

194 

1.793 

9.9759 

2615 

3879 

4812 

4139 

—  9 

6493 

194 

1.794 

9.9759 

7427 

8018 

4802 

7840 

—  9 

6299 

193 

1.795 

9.9760 

2230 

5858 

4793 

1734 

—  9 

6106 

194 

1.796 

9.9760 

7023 

7592 

4783 

5822 

—  9 

5912 

190 

1.797 

9.9761 

1807 

3414 

4774 

0100 

—  9 

5722 

195 

1.798 

9.9761 

6581 

3514 

4764 

4573 

—  9 

5527 

190 

1.799 

9,9762 

1345 

8087 

4754 

9236 

—  9 

5337 

192 

L800 

9.9762 

6100 

7323 

4745 

4091 

—  9 

5145 

191 

1.801 

9.9763 

0846 

1414 

4735 

9137 

—  9 

4954 

189 

1.802 

9.9763 

5582 

0551 

—  9 

4765 

436 
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TABLE  III.  LOGio 

TANH 

X — {Continued) 

X 

log 

tanh  X 

Ai 

A2 

A3 

l.SOO 

9.9762 

6100 

7323 

4745 

4091 

—9 

5145 

191 

l.SOl 

9.9763 

0846 

1414 

4735 

9137 

—9 

4954 

189 

1.802 

9.9763 

5582 

0551 

4726 

4372 

—9 

4765 

193 

1.803 

9.9764 

0308 

4923 

4716 

9800 

—9 

4572 

188 

1.804 

9.9764 

5025 

4723 

4707 

5416 

—9 

4384 

188 

1.805 

9.9764 

9733 

0139 

4698 

1220 

—9 

4196 

193 

1.806 

9.9765 

4431 

1359 

468S 

7217 

—9 

4003 

185 

1.807 

9.9765 

9119 

8576 

4679 

3399 

—9 

3818 

190 

1.808 

9.9766 

3799 

1975 

4669 

9771 

—9 

3628 

187 

1.809 

9.9766 

8469 

1746 

4660 

6330 

—9 

3441 

188 

1.810 

9.9767 

3129 

8076 

4651 

3077 

—9 

3253 

186 

1.811 

9.9767 

7781 

1153 

4642 

0010 

—9 

3067 

189 

1.812 

9.9768 

2423 

1163 

4632 

7132 

—9 

2878 

185 

1.813 

9.9768 

7055 

8295 

4623 

4439 

—9 

2693 

187 

1.814 

9.9769 

1679 

2734 

4614 

1933 

—9 

2506 

183 

1.815 

9.9769 

6293 

4667 

4604 

9610 

—9 

2323 

188 

1.816 

9.9770 

0898 

4277 

4595 

7475 

—9 

2135 

183 

1.817 

9.9770 

5494 

1752 

4586 

5523 

—9 

1952 

186 

1.818 

9.9771 

0080 

7275 

4577 

3757 

—9 

1766 

184 

1.819 

9.9771 

4658 

1032 

4568 

2175 

—9 

1582 

182 

1.820 

9.9771 

9226 

3207 

4559 

0775 

—9 

1400 

186 

1.821 

9.9772 

3785 

3982 

4549 

9561 

— 9 

1214 

180 

1.822 

9.9772 

8335 

3543 

4540 

8527 

—9 

1034 

185 

1.823 

9.9773 

2876 

>2070 

4531 

7678 

—9 

0849 

181 

1.824 

9.9773 

7407 

9748 

4522 

7010 

—9 

0668 

183 

1.825 

9.9774 

1930 

6758 

4513 

6525 

—9 

0485 

181 

1.826 

9.9774 

6444 

3283 

4504 

6221 

—9 

0304 

181 

1.827 

9.9775 

0948 

9504 

4495 

6098 

— 9 

0123 

179 

1.828 

9.9775 

5444 

5602 

4486 

6154 

— 8 

9944 

184 

1.829 

9.9775 

9931 

1756 

4477 

6394 

—8 

9760 

178 

1.830 

9.9776 

4408 

8150 

4468 

6812 

—8 

9582 

180 

1.831 

9.9776 

8877 

4962 

4459 

7410 

— 8 

9402 

179 

1.832 

9.9777 

3337 

2372 

4450 

8187 

—8 

9223 

180 

1.833 

9.9777 

7788 

0559 

4441 

9144 

—8 

9043 

177 

1.834 

9.9778 

2229 

9703 

4433 

0278 

—8 

8866 

179 

1.835 

9.9778 

6662 

9981 

4424 

1591 

—8 

8687 

179 

1.836 

9.9779 

1087 

1572 

4415 

3083 

—8 

8508 

176 

1.837 

9.9779 

5502 

4655 

4406 

4751 

—8 

8332 

178 

1.S3S 

9.9779 

9908 

9406 

4397 

6597 

—8 

8154 

176 

1.839 

9.9780 

4306 

6003 

4388 

8619 

—8 

7978 

176 

1.840 

9.9780 

8695 

4622 

4380 

0817 

—8 

7802 

178 

1.841 

9.9781 

3075 

5439 

4371 

3193 

— 8 

7624 

174 

1.842 

9.9781 

7446 

8632 

—8 

7450 

Vol.  1]  Pcrnot-Woods. — Logarithms  of  Hyperbolic  Functions  437 


TABLE  III.  LOGio 

TANII 

'.  X — (Continued) 

X 

log 

tanh  X 

A, 

A, 

A3 

1.840 

9.9780 

8695 

4622 

4380 

0817 

—8 

7802 

178 

1.841 

9.9781 

3075 

5439 

4371 

3193 

—8 

7624 

174 

1.842 

9.9781 

7446 

8632 

4362 

5743 

—8 

7450 

177 

1.843 

9,9782 

1809 

4375 

4353 

8470 

—8 

7273 

174 

1.844 

9.9782 

6163 

2845 

4345 

1371 

—8 

7099 

174 

1.845 

9.9783 

0508 

4216 

4336 

4446 

—8 

6925 

176 

1.846 

9.9783 

4844 

8662 

4327 

7697 

—8 

6749 

173 

1.847 

9.9783 

9172 

6359 

4319 

1121 

—8 

6576 

174 

1.848 

9.9784 

3491 

7480 

4310 

4719 

—8 

6402 

173 

1.849 

9.9784 

7802 

2199 

4301 

8490 

—8 

6229 

172 

1.850 

9.9785 

2104 

0^89 

4293 

2433 

—8 

6057 

175 

1.851 

9.9785 

6397 

3122 

4284 

6551 

—8 

5882 

171 

1.852 

9.9786 

0681 

9673 

4276 

0840 

—8 

5711 

171 

1.853 

9.9786 

4958 

0513 

4267 

5300 

—8 

5540 

173 

1.854 

9.9786 

9225 

5813 

4258 

9933 

—8 

5367 

169 

1.855 

9.9787 

3484 

5746 

4250 

4735 

—8 

5198 

172 

1.856 

9.9787 

7735 

0481 

4241 

9709 

—8 

5026 

171 

1.857 

9.9788 

1977 

0190 

4233 

4854 

—8 

4855 

169 

1.858 

9.9788 

6210 

5044 

4225 

0168 

—8 

4686 

172 

1.859 

9.9789 

0435 

5212 

4216 

5654 

—8 

4514 

168 

1.860 

9.9789 

4652 

0866 

4208 

1308 

—8 

4346 

169 

1.861 

9.9789 

8860 

2174 

4199 

7131 

—8 

4177 

170 

1.862 

9.9790 

3059 

9305 

4191 

3124 

—8 

4007 

166 

1.863 

9.9790 

7251 

2429 

4182 

9283 

—8 

3841 

170 

1.864 

9.9791 

1434 

1712 

4174 

5612 

— 8 

3671 

168 

1.865 

9.9791 

5608 

7324 

4166 

2109 

—8 

3503 

165 

1.866 

9.9791 

9774 

9433 

4157 

8771 

—8 

3338 

169 

1.867 

9.9792 

3932 

8204 

4149 

5602 

—8 

3169 

167 

1.868 

9.9792 

8082 

3806 

4141 

2600 

—8 

3002 

166 

1.869 

9.9793 

2223 

6406 

4132 

9764 

—8 

2836 

166 

1.870 

9.9793 

6356 

6170 

4124 

7094 

—8 

2670 

165 

1.871 

9.9794 

0481 

3264 

4116 

4589 

—8 

2505 

167 

1.872 

9.9794 

4597 

7853 

4108 

2251 

—8 

2338 

163 

1.873 

9.9794 

8706 

0104 

4100 

0076 

—8 

2175 

167 

1.874 

9.9795 

2806 

0180 

4091 

8068 

—8 

2008 

162 

1.875 

9.9795 

6897 

8248 

4083 

6222 

—8 

1846 

166 

1.876 

9.9796 

0981 

4470 

4075 

4542 

—8 

1680 

163 

1.877 

9.9796 

5056 

9012 

4067 

3025 

—8 

1517 

163 

1.878 

9.9796 

9124 

2037 

4059 

1671 

—8 

1354 

164 

1.879 

9.9797 

3183 

3708 

4051 

0481 

—8 

1190 

162 

1.880 

9.9797 

7234 

4189 

4042 

9453 

—8 

1028 

162 

1.881 

9.9798 

1277 

3642 

4034 

8587 

—8 

0866 

163 

1.882 

9.9798 

5312 

2229 

—8 

0703 

438 


X 
1.880 
1.881 
1.882 
1.883 
1.884 
1.885 
1.886 
1.887 
1.888 
1.889 
1.890 
1.891 
1.892 
1.893 
1.894 
1.895 
1.896 
1.897 
1.898 
1.899 
1.900 
1.901 
1.902 
1.903 
1.904 
1.905 
1.906 
1.907 
1.908 
1.909 
1.910 
1.911 
1.912 
1.913 
1.914 
1.915 
1.916 
1.917 
1.918 
1.919 
1.920 
1.921 
1.922 
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TABLE  III.     LOGio 
log  tanh  X 

9.9797  7234  4189 

9.9798  1277  3642 
9.9798  5312  2229 

9.9798  9339  0113 

9.9799  3357  7456 

9.9799  7368  4419 

9.9800  1371  1164 
9.9800  5365  7850 

9.9800  9352  4638 

9.9801  3331  1689 

9.9801  7301  9163 

9.9802  1264  7218 
9.9802  5219  6014 

9.9802  9166  5710 

9.9803  3105  6465 

9.9803  7036  8437 

9.9804  0960  1782 
9.9804  4875  6661 

9.9804  8783  3228 

9.9805  2683  1640 

9.9805  6575  2055 

9.9806  0459  4630 
9.9806  4335  9520 

9.9806  8204*  6880 

9.9807  2065  6868 
9.9807  5918  9637 

9.9807  9764  5341 

9.9808  3602  4136 

9.9808  7432  6176 

9.9809  1255  1614 
9.9809  5070  0602 

9.9809  8877  3296 

9.9810  2676  9848 

9.9810  6469  0411 

9.9811  0253  5137 
9.9811  4030  4177 

9.9811  7799  7684 

9.9812  1561  5809 
9.9812  5315  8703 

9.9812  9062  6515 

9.9813  2801  9397 

9.9813  6533  7500 

9.9814  0258  0971 


TANH  X— 

4042  9453 
4034  8587 
4026  7884 
4018  7343 
4010  6963 
4002  6745 
3994  6686 
3986  6788 
3978  7051 
3970  7474 
3962  8055 
3954  8796 
3946  9696 
3939  0755 
3931  1972 
3923  3345 
3915  4879 
3907  6567 
3899  8412 
3892  0415 
3884  2575 
3876  4890 
3868  7360 
3860  9988 
3853  2769 
3845  5704 
3837  8795 
3830  2040 
3822  5438 
3814  8988 
3807  2694 
3799  6552 
3792  0563 
3784  4726 
3776  9040 
3769  3507 
3761  8125 
3754  2894 
3746  7812 
3739  2882 
3731  8103 
3724  3471 


{Continued) 


—8  1028 
—8  0866 
—8  0703 
—8  0541 
— 8  0380 
—8  0218 
—8  0059 
—7  9898 
—7  9737 
—7  9577 
— 7  9419 
—7  9259 
—7  9100 
—7  8941 
—7  8783 
—7  8627 
—7  8466 
—7  8312 
—7  8155 
—7  7997 
—7  7840 


7685 
7530 


—7  7372 
—7  7219 
—7  7065 
—7  6909 
—7  6755 
—7  6602 
—7  6450 
—7  6294 
—7  6142 
—7  5989 
—7  5837 
—7  5686 
—7  5533 
—7  5382 
—7  5231 
—7  5082 


4930 
4779 


—7  4632 
—7  4480 


^3 

162 

163 

162 

161 

162 

159 

161 

161 

160 

158 

160 

159 

159 

158 

156 

161 

154 

157 

158 

157 

155 

155 

158 

153 

154 

156 

154 

153 

152 

156 

152 

153 

152 

151 

153 

151 

151 

149 

152 

151 

147 

152 
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TABLE  IIL  LOGio 

TANH  X— 

(Continued) 

X 

loji^  tanh 

X 

A, 

A, 

, 

A3 

1.920 

9.9813 

2801 

9397 

3731 

8103 

—7 

4779 

147 

1.921 

9.9813 

6533 

7500 

3724 

3471 

—7 

4632 

152 

1.922 

9.9814 

0258 

0971 

3716 

8991 

—7 

4480 

148 

1.923 

9.9814 

3974 

9962 

3709 

4659 

—7 

4332 

150 

1.924 

9.9814 

7684 

4621 

3702 

0477 

—7 

4182 

148 

1.925 

9.9815 

1386 

5098 

3694 

6443 

—7 

4034 

149 

1.926 

9.9815 

5081 

1541 

3687 

2558 

—7 

3885 

147 

1.927 

9.9815 

8768 

4099 

3679 

8820 

—7 

3738 

149 

1.92S 

9.9816 

2448 

2919 

3672 

5231 

—7 

3589 

146 

1.929 

9.9816 

6120 

8150 

3665 

1788 

—7 

3443 

147 

1.930 

9.9816 

9785 

9938 

3657 

8492 

—7 

3296 

149 

1.931 

9.9817 

3443 

8430 

3650 

5345 

—7 

3147 

144 

1.932 

9.9817 

7094 

3775 

3643 

2342 

—7 

3003 

147 

1.933 

9.9818 

0737 

6117 

3635 

9486 

—7 

2856 

146 

1.934 

9.9818 

4373 

5603 

3628 

6776 

—7 

2710 

147 

1.935 

9.9818 

8002 

2379 

3621 

4213 

—7 

2563 

144 

1.936 

9.9819 

1623 

6592 

3614 

1794 

—7 

2419  . 

145 

1.937 

9.9819 

5237 

8386 

3606 

9520 

—7 

2274 

146 

1.938 

9.9819 

8844 

7906 

3599 

7392 

—7 

2128 

144 

1.939 

9.9820 

2444 

5298 

3592 

5408 

—7 

1984 

143 

1.940 

9.9820 

6037 

0706 

3585 

3567 

—7 

1841 

144 

1.941 

9.9820 

9622 

4273 

3578 

1870 

—7 

1697 

145 

1.942 

9.9821 

3200 

6143 

3571 

0318 

—7 

1552 

143 

1.943 

9.9821 

6771 

6461 

3563 

8909 

—7 

1409 

143 

1.944 

9.9822 

0335 

5370 

3556 

7643 

—7 

1266 

141 

1.945 

9.9822 

3892 

3013 

3549 

6518 

—7 

1125 

145 

1.946 

9.9822 

7441 

9531 

3542 

5538 

—7 

0980 

141 

1.947 

9.9823 

0984 

5069 

3535 

4699 

—7 

0839 

142 

1.948 

9.9823 

4519 

9768 

3528 

4002 

—7 

0697 

141 

1.949 

9.9823 

8048 

3770 

3521 

3446 

—7 

0556 

142 

1.950 

9.9824 

1569 

7216 

3514 

3032 

—7 

0414 

141 

1.951 

9.9824 

5084 

0248 

3507 

2759 

—7 

0273 

140 

1.952 

9.9824 

8591 

3007 

3500 

2626 

—7 

0133 

142 

1.953 

9.9825 

2091 

5633 

3493 

2635 

—6 

9991 

139 

1.954 

9.9825 

5584 

8268 

3486 

2783 

—6 

9852 

140 

1.955 

9.9825 

9071 

1051 

3479 

3071 

—6 

9712 

140 

1.956 

9.9826 

2550 

4122 

3472 

3499 

—6 

9572 

138 

1.957 

9.9826 

6022 

7621 

3465 

4065 

—6 

9434 

142 

1.958 

9.9826 

9488 

1686 

3458 

4773 

—6 

9292 

137 

1.959 

9.9827 

2946 

6459 

3451 

5618 

—6 

9155 

138 

1.960 

9.9827 

6398 

2077 

3444 

6601 

—6 

9017 

138 

1.961 

9.9827 

9842 

8678 

3437 

7722 

—6 

8879 

139 

1.962 

9.9828 

3280 

6400 

—6 

8740 

440 


1.960 

1.961 

1.962 

1.963 

1.964 

1.965 

1.966 

1.967 

1.968 

1.969 

1.970 

1.971 

1.972 

1.973 

1.974 

1.975 

1.976 

1.977 

1.97S 

1.979 

1.980 

1.981 

1.982 

1.983 

1.984 

1.985 

1.986 

1.987 

1.988 

1.989 

1.990 

1.991 

1.992 

1.993 

1.994 

1.995 

1.996 

1.997 

1.998 

1.999 

2.000 

2.001 

2.002 
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TABLE  III.     LOGio 
log  tanh  X 
9.9827     6398     2077 

9.9827  9842  8678 

9.9828  3280  6400 

9.9828  6711  5382 

9.9829  0135  5762 
9.9829  3552  7677 

9.9829  6963  1263 

9.9830  0366  6657 
9.9830  3763  3996 

9.9830  7153  3418 

9.9831  0536  5056 
9.9831  3912  9048 

9.9831  7282  5528 

9.9832  0645  4633 
9.9832  4001  6496 

9.9832  7351  1253 

9.9833  0693  9038 
9.9833  4029  9985 

9.9833  7359  4228 

9.9834  0682  1900 
9.9834  3998  3135 

9.9834  7307  8065 

9.9835  0610  6823 
9.9835  3906  ,9542 

9.9835  7196  6355 

9.9836  0479  7393 
9.9836  3756  2787 

9.9836  7026  2671 

9.9837  0289  7173 
9.9837   3546  6426 

9.9837  6797   0559 

9.9838  0040  9705 
9.9838  3278  3991 
9.9838  6509  3549 

9.9838  9733  8508 

9.9839  2951  8997 
9.9839  6163  5145 

9.9839  9368  7082 

9.9840  2567  4935 
9.9840  5759  8834 

9.9840  8945  8905 

9.9841  2125  5278 
9.9841  5298  8079 


TANH  X 

3444  6601 
3437  7722 
3430  8982 
3424  0380 
3417   1915 
3410  3586 
3403  5394 
3396  7339 
3389  9422 
3383  1638 
3376  3992 
3369  6480 
3362  9105 
3356  1863 
3349  4757 
3342  7785 
3336  0947 
3329  4243 
3322  7672 
3316  1235 
3309  4930 
3302  8758 
3296  2719 
3289  6813 
3283  1038 
3276  5394 
3269  9884 
3263  4502 
3256  9253 
3250  4133 
3243  9146 
3237  4286 
3230  9558 
3224  4959 
3218  0489 
3211  6148 
3205  1937 
3198  7853 
3192  3899 
3186  0071 
3179  6373 
3173  2801 


(Continued) 


Ao 
-6  9017 


—6 
—6 


8879 
8740 

— 6  8602 

—6  8465 

—6  8329 

—6  8192 

— 6  8055 

—6  7917 

— 6  7784 

—6  7646 

— 6  7512 

—6  7375 

— 6  7242 

— 6  7106 

—6  6972 

—6  6838 

— 6  6704 

—6  6571 


6437 
6305 
6172 


—6  6039 

—6  5906 

—6  5775 

—6  5644 

— 6  5510 

—6  5382 

—6  5249 

—6  5120 

—6  4987 

—6  4860 

—6  4728 

—6  4599 

—6  4470 

— 6  4341 

—6  4211 

—6  4084 

—6  3954 

— 6  3828 

— 6  3698 


3572 

3444 


138 

139 

138 

137 

136 

137 

137 

138 

133 

138 

134 

137 

133 

136 

134 

134 

134 

133 

134 

132 

133 

133 

133 

351 

131 

134 

128 

133 

129 

133 

127 

132 

129 

129 

129 

130 

127 

130 

126 

130 

126 

12S 


Vol.  1]  Pernot-Woods. — Logarithms  of  Ilypcrholic  Functions  441 


TABLE  III.  LOGio 

TANII  X— 

(Concluded) 

X 

log  tanh 

X 

A, 

A, 

2 

A3 

2.000 

9.9840 

8945 

8905 

3179 

6373 

—6 

3698 

126 

2.001 

9.9841 

2125 

5278 

3173 

2801 

—6 

3572 

128 

2.002 

9.9841 

5298 

8079 

3166 

9357 

—6 

3444 

126 

2.003 

9.9841 

8465 

7436 

3160 

6039 

—6 

3318 

128 

2.004 

9.9842 

1626 

3475 

3154 

2849 

—6 

3190 

125 

2.005 

9.9842 

4780 

6324 

3147 

9784 

—6 

3065 

127 

2.006 

9.9842 

7928 

6108 

3141 

6846 

—6 

2938 

12s 

2.007 

9.9843 

1070 

2954 

3135 

4036 

— € 

2810 

123 

2.00S 

9.9843 

4205 

6990 

3129 

1349 

—6 

2687 

126 

2.009 

9.9843 

7334 

8339 

3122 

8788 

— 6 

2561 

126 

2.010 

9.9844 

0457 

7127 

3116 

6353 

—6 

2435 

123 

2.011 

9.9844 

3574 

3480 

3110 

4041 

—6 

2312 

128 

2.012 

9.9844 

6684 

7521 

3104 

1857 

—6 

2184 

123 

2.013 

9.9844 

9788 

9378 

3097 

9796 

—6 

2061 

124 

2.014 

9.9845 

2886 

9174 

3091 

7859 

—6 

1937 

124 

2.015 

9.9845 

5978 

7033 

3085 

6046 

—6 

1813 

124 

2.016 

9.9845 

9064 

3079 

3079 

4357 

—6 

1689 

123 

2.017 

9.9846 

2143 

7436 

3073 

2791 

—6 

1566 

2.01S 

9.9846 

5217 

0227 

442 
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SINH  X 


TABLE  IV. 

LOG 

^^    X 

— 

sinh  X 

X 

log 

X 

A, 

Ao 

As 

0.000 

0.0000 

0000 

00000 

7 

23824 

0.001 

0.0000 

0007 

23824 

21 

71473 

14 

47649 

—  4 

0.002 

0.0000 

0028 

95297 

36 

19118 

14 

47645 

+  2 

0.003 

0.0000 

0065 

14415 

50 

66765 

14 

47647 

—  4 

0.004 

0.0000 

0115 

81180 

65 

14408 

14 

47643 

—  1 

0.005 

0.0000 

0180 

95588 

79 

62050 

14 

47642 

—  5 

0.006 

0.0000 

0260 

57638 

94 

09687 

14 

47637 

—  3 

0.007 

0.0000 

0354 

67325 

108 

57321 

14 

47634 

—  4 

0.008 

0.0000 

0463 

24646 

123 

04951 

14 

47630 

—  5 

0.009 

0.0000 

0586 

29597 

137 

52576 

14 

47625 

—  7 

0.010 

0.0000 

0723 

82173 

152 

00194 

14 

47618 

—  3 

0.011 

0.0000 

0875 

82367 

166 

47809 

14 

47615 

—10 

0.012 

0.0000 

1042 

30176 

180 

95414 

14 

47605 

—  5 

0.013 

0.0000 

1223 

25590 

195 

43014 

14 

47600 

—  8 

0.014 

0.0000 

1418 

68604 

209 

90606 

14 

47592 

—10 

0.015 

0.0000 

1628 

59210 

224 

38188 

14 

47582 

—  8 

0.016 

0.0000 

1852 

97398 

238 

85762 

14 

47574 

—  9 

0.017 

0.0000 

2091 

83160 

253 

33327 

14 

47565 

—10 

0.018 

0.0000 

2345 

16487 

267 

80882 

14 

47555 

—12 

0.019 

0.0000 

2612 

97369 

282 

28425 

14 

47543 

—10 

0.020 

0.0000 

2895 

25794 

296 

75958 

14 

47533 

—13 

0.021 

0.0000 

3192 

01752 

311 

23478 

14 

47520 

—12 

0.022 

0.0000 

3503 

25230 

325 

70986 

14 

47508 

—13 

0.023 

0.0000 

3828 

96216 

340 

18481 

14 

47495 

—13 

0.024 

0.0000 

4169 

14697 

354 

65963 

14 

47482  • 

—15 

0.025 

0.0000 

4523 

80660 

369 

13430 

14 

47467 

—12 

0.026 

0.0000 

4892 

94090 

383 

60885 

14 

47455 

—21 

0.027 

0.0000 

5276 

54975 

398 

08319 

14 

47434 

—12 

0.028 

0.0000 

5674 

63294 

412 

55741 

14 

47422 

—17 

0.029 

0.0000 

6087 

19035 

427 

03146 

14 

47405 

—18 

0.030 

0.0000 

6514 

22181 

441 

50533 

14 

47387 

—15 

0.031 

0.0000 

6955 

72714 

14 

47372 

455 

97905 

— 22 

0.032 

0.0000 

7411 

70619 

470 

45255 

14 

47350 

—17 

0.033 

0.0000 

7882 

1587^ 

484 

92588 

14 

47333 

—19 

0.034 

0.0000 

8367 

08462 

499 

39902 

14 

47314 

—21 

0.035 

0.0000 

8866 

48364 

513 

87195 

14 

47293 

—19 

0.036 

0.0000 

9380 

35559 

528 

34469 

14 

47274 

—22 

0.037 

0.0000 

9908 

70028 

542 

81721 

14 

47252 

— 22 

0.038 

0.0001 

0451 

51749 

557 

28951 

14 

47230 

—23 

0.039 

0.0001 

1008 

80700 

571 

76158 

14 

47207 

—21 

0.040 

0.0001 

1580 

56858 

586 

23344 

14 

47186 

—24 

0.041 

0.0001 

2166 

80202 

600 

70506 

14 

47162 

—25 

0.042 

0.0001 

2767 

50708 

14 

47137 
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STNH  X 

TABLE  IV.     LOGio (Ccmtinued) 

X 
sinh  X 


X 

log 

r 

- 

A, 

^■1 

A3 

0.040 

0.0001 

1580 

56858 

586 

23344 

14 

47186 

—24 

0.041 

0.0001 

2166 

80202 

600 

70506 

14 

47162 

—25 

0.042 

0.0001 

2767 

50708 

615 

17643 

14 

47137 

—24 

0.043 

0.0001 

3382 

68351 

629 

64756 

14 

47113 

—25 

0.044 

0.0001 

4012 

33107 

644 

11844 

14 

47088 

—25 

0.045 

0.0001 

4656 

44951 

658 

58907 

14 

47063 

—27 

0.046 

0.0001 

5315 

03858 

673 

05943 

14 

47036 

—30 

0.047 

0.0001 

5988 

09801 

687 

52949 

14 

47006 

—22 

0.048 

0.0001 

6675 

62750 

701 

99933 

14 

46984 

—32 

0.049 

0.0001 

7377 

62683 

716 

46885 

14 

46952 

—26 

0.050 

0.0001 

8094 

09568 

730 

93811 

14 

46926 

—32 

0.051 

0.0001 

8825 

03379 

745 

40705 

14 

46894 

—27 

0.052 

0.0001 

9570 

44084 

759 

87572 

14 

46867 

—32 

0.053 

0.0002 

0330 

31656 

774 

34407 

14 

46835 

—31 

0.054 

0.0002 

1104 

66063 

788 

81211 

14 

46804 

—32 

0.055 

0.0002 

1893 

47274 

803 

27983 

14 

46772 

—30 

0.056 

0.0002 

2696 

75257 

817 

74725 

14 

46742 

—34 

0.057 

0.0002 

3514 

49982 

832 

21433 

14 

46708 

—33 

0.058 

0.0002 

4346 

71415 

846 

68108 

14 

46675 

—36 

0.059 

0.0002 

5193 

39523 

861 

14747 

14 

46639 

— »0 

0.060 

0.0002 

6054 

54270 

875 

61356 

14 

46609 

—40 

0.061 

0.0002 

6930 

15626 

890 

07925 

14 

46569 

—30 

0.062 

0.0002 

7820 

23551 

904 

54464 

14 

46539 

— 42 

0.063 

0.0002 

8724 

78015 

919 

00961 

14 

46497 

—31 

0.064 

0.0002 

9643 

78976 

933 

47427 

14 

46466 

—A2 

0.065 

0.0003 

0577 

26403 

947 

93851 

14 

46424 

—37 

0.066 

0.0003 

1525 

20254 

962 

40238 

14 

46387 

—38 

0.067 

0.0003 

2487 

60492 

976 

86587 

14 

46349 

—36 

0.068 

0.0003 

3464 

47079 

991 

32900 

14 

46313 

—44 

0.069 

0.0003 

4455 

79979 

1005 

79169 

14 

46269 

—38 

0.070 

0.0003 

5461 

59148 

1020 

25400 

14 

46231 

—40 

0.071 

0.0003 

6481 

84548 

1034 

71591 

14 

46191 

—44 

0.072 

0.0003 

7516 

56139 

1049 

17758 

14 

46147 

—39 

0.073 

0.0003 

8565 

73877 

1063 

63846 

14 

46108 

—44 

0.074 

0.0003 

9629 

37723 

1078 

09910 

14 

46064 

—45 

0.075 

0.0004 

0707 

47633 

1092 

55929 

14 

46019 

— 40 

0.076 

0.0004 

1800 

03562 

1107 

01908 

14 

45979 

—46 

0.077 

0.0004 

2907 

05470 

1121 

47841 

14 

45933 

— 44 

0.078 

0.0004 

4028 

53311 

1135 

93730 

14 

45889 

—45 

0.079 

0.0004 

5164 

47041 

1150 

39574 

14 

45844 

—49 

0.080 

0.0004 

6314 

86615 

1164 

85369 

14 

45795 

—43 

0.081 

0.0004 

7479 

71984 

1179 

31121 

14 

45752 

—50 

0.082 

0.0004 

8659 

03105 

14 

45702 
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TABLE  IV.  LOGio 

1   

X 

(Continued) 

sinh  X 

X 

log 

Ai 

A, 

A3 

0.080 

0.0004  6314 

86615 

1164 

85369 

14  45795 

—43 

0.081 

0.0004  7479 

71984 

14  45752 

—50 

1179 

31121 

0.082 

0.0004  8659 

03105 

14  45702 

—46 

1193 

76823 

0.083 

0.0004  9852 

79928 

1208 

22479 

14  45656 

— 47 

0.084 

0.0005  1061 

02407 

14  45609 

—50 

1222 

68088 

0.085 

0.0005  2283 

70495 

14  45559 

—52 

1237 

13647 

0.086 

0.0005  3520 

84142 

14  45507 

—46 

1251 

59154 

0.087 

0.0005  4772 

43296 

14  45461 

—53 

1266 

04615 

0.088 

0.0005  6038 

47911 

14  45408 

48 

1280 

50023 

0.089 

0.0005  7318 

97934 

14  45360 

—57 

1294 

95383 

0.090 

0.0005  8613 

93317 

14  45303 

—48 

1309 

40686 

0.091 

0.0005  9923 

34003 

14  45255 

—53 

1323 

85941 

0.092 

0.0006  1247 

19944 

14  45202 

—56 

1338 

31143 

0.093 

0.0006  2585 

51087 

14  45146 

—52 

1352 

76289 

0.094 

0.0006  3938 

27376 

14  45094 

—54 

1367 

21383 

0.095 

0.0006  5305 

48759 

1381 

66423 

14  45040 

—58 

0.096 

0.0006  6687 

15182 

1396 

11405 

14  44982 

—52 

0.097 

0.0006  8083 

26587 

1410 

56335 

14  44930 

—59 

0.098 

0.0006  9493 

82922 

14  44871 

—56 

1425 

01206 

0.099 

0.0007  0918 

84128 

14  44815 

—58 

1439 

46021 

0.100 

0.0007  2358 

30149 

14  44757 

—57 

1453 

90778 

0.101 

0.0007  3812 

20927 

14  44700 

—59 

1468 

35478 

0.102 

0.0007   5280 

56405 

14  44641 

—61 

1482 

80119 

0.103 

0.0007  6763 

36524 

14  44580 

—55 

1497 

24699 

0.104 

0.0007   8260 

61223 

14  44525 

65 

1511 

69224 

0.105 

0.0007  9772 

30447 

14  44460 

—58 

1526 

13684 

0.106 

0.0008  1298 

44131 

14  44402 

—64 

1540 

58086 

0.107 

0.0008  2839 

02217 

14  44338 

—59 

1555 

02424 

0.108 

0.0008  4394 

04641 

1569 

46703 

14  44279 

—65 

0.109 

0.0008  5963 

51344 

1583 

90917 

14  44214 

—64 

0.110 

0.0008  7547 

42261 

1598 

35067 

14  44150 

—60 

0.111 

0.0008  9145 

77328 

1612 

79157 

14  44090 

—68 

0.112 

0.0009  0758 

56485 

1627 

23179 

14  44022 

—62 

0.113 

0.0009  2385 

79664 

1641 

67139 

14  43960 

—68 

0.114 

0.0009  4027 

46803 

1656 

11031 

14  43892 

63 

0.115 

0.0009  5683 

57834 

1670 

54860 

14  43829 

—68 

0.116 

0.0009  7354 

12694 

1684 

98621 

14  43761 

—69 

0.117 

0.0009  9039 

11315 

1699 

42313 

14  43692 

67 

0.118 

0.0010  0738 

53628 

1713 

85938 

14  43625 

66 

0.119 

0.0010  2452 

39566 

1728 

29497 

14  43559 

—72 

0.120 

0.0010  4180 

69063 

1742 

72984 

14  43487 

—67 

0.121 

0.0010  5923 

42047 

1757 

16404 

14  43420 

—71 

0.122 

0.0010  7680 

f  58451 

14  43349 
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SI  Nil  X 


X 

0.120 
0.121 
0.122 
0.123 
0.124 
0.125 
0.126 
0.127 
0.128 
0.129 
0.130 
0.131 
0.132 
0.133 
0.134 
0.135 
0.136 
0.137 
0.138 
0.139 
0.140 
0.141 
0.142 
0.143 
0.144 
0.145 
0.146 
0.147 
0.148 
0.149 
0.150 
0.151 
0.152 
0.153 
0.154 
0.155 
0.156 
0.157 
0.158 
0.159 
0.160 
0.161 
0.162 


TABLE  IV. 

sinh  X 
loji- 


LOG 
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—  (Continued) 


X 

0.0010  4180  69063 

0.0010  5923  42047 

0.0010  7680  58451 

0.0010  9452  18204 

0.0011  1238  21236 

0.0011  3038  67474 

0.0011  4853  56848 

0.0011  6682  89286 

aOOll  8526  64713 

0.0012  0384  83057 

0.0012  2257  44245 

0.0012  4144  48201 

0.0012  6045  94849 

0.0012  7961  84116 

0.0012  9892  15923 

0.0013  1836  90193 

0.0013  3796  06852 

0.0013  5769  65819 

0.0013  7757  67016 

0.0013  9760  10364 

0.0014  1776  95784 

0.0014  3808  23195 

0.0014  5853  92514 

0.0014  7914  03664 

0.0014  9988  56562 

0.0015  2077  51122 

0.0015  4180  87263 

0.0015  6298  64902 

0.0015  8430  83955 

0.0016  0577  44336 

0.0016  2738  45959 

0.0016  4913  88739 

0.0016  7103  72591 

0.0016  9307  97424 

0.0017  1526  63155 

0.0017  3759  69694 

0.0017  6007  16950 

0.0017  8269  04836 

0.0018  0545  33261 

0.0018  2836  02134 

0.0018  5141  11367 

0.0018  7460  60865 

0.0018  9794  50537 


Ai 

14 

43487 

^?. 

1742 

72984 

14 

43420 

—67 

1757 

16404 

14 

43349 

—71 

1771 

59753 

14 

43279 

—70 

1786 

03032 

14 

43206 

—73 

1800 

46238 

14 

43136 

—70 

1814 

89374 

14 

43064 

—72 

1829 

32438 

14 

42989 

—75 

1843 

75427 

14 

42917 

—72 

1858 

18344 

14 

42844 

—73 

1872 

61188 

14 

42768 

—76 

1887 

03956 

14 

42692 

—76 

1901 

46648 

14 

42619 

—73 

1915 

89267 

14 

42540 

—79 

1930 

31807 

14 

42463 

—77 

1944 

74270 

14 

42389 

—74 

1959 

16659 

14 

42308 

—81 

1973 

58967 

14 

42230 

-78 

1988 

01197 

14 

42151 

—79 

2002 

43348 

14 

42072 

—79 

2016 

85420 

14 

41991 

—81 

2031 

27411 

14 

41908 

—83 

2045 

69319 

14 

41831 

—77 

2060 

11150 

14 

41748 

—83 

2074 

52898 

14 

41662 

—86 

2088 

94560 

14 

41581 

—81 

2103 

36141 

14 

41498 

—83 

2117 

77639 

14 

41414 

—84 

2132 

19053 

14 

41328 

—86 

2146 

60381 

14 

41242 

—86 

2161 

01623 

14 

41157 

—85 

2175 

42780 

14 

41072 

—85 

2189 

83852 

14 

40981 

—91 

2204 

24833 

14 

40898 

—83 

2218 

65731 

14 

40808 

—90 

2233 

06539 

14 

40717 

—91 

2247 

47256 

14 

40630 

—87 

2261 

87886 

14 

40539 

—91 

2276 

28425 

14 

40448 

—91 

2290 

68873 

14 

40360 

—88 

2305 

09233 

14 

40265 

—95 

2319 

49498 

14 

40174 

—91 

2333 

89672 

14 

40082 

—92 

446 
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TABLE  IV.  LOGio  

—  — (C'( 

ontinui 

ea) 

sinh  X 

X 

log 

X 

\ 

^2 

A3 

0.160 

0.0018 

5141 

11367 

2319 

49498 

14 

40265 

—  91 

0.161 

0.0018 

7460 

60865 

2333 

89672 

14 

40174 

—  92 

0.162 

0.0018 

9794 

50537 

14 

40082 

—  95 

2348 

29754 

0.163 

0.0019 

2142 

80291 

2362 

69741 

14 

39987 

—  91 

0.164 

0.0019 

4505 

50032 

2377 

09637 

14 

39896 

—  96 

0.165 

0.0019 

6882 

59669 

2391 

49437 

14 

39800 

—  98 

0.166 

0.0019 

9274 

09106 

2405 

89139 

14 

39702 

—  91 

0.167 

0.0020 

1679 

9S245 

2420 

28750 

14 

39611 

—  98 

0.168 

0.0020 

4100 

26995 

2434 

68263 

14 

39513 

—  98 

0.169 

0.0020 

6534 

95258 

2449 

07678 

14 

39415 

—  95 

0.170 

0.0020 

8984 

02936 

2463 

46998 

14 

39320 

—100 

0.171 

0.0021 

1447 

49934 

2477 

86218 

14 

39220 

—  96 

0.172 

0.0021 

3925 

36152 

2492 

25342 

14 

39124 

—100 

0.173 

0.0021 

6417 

61494 

2506 

64366 

14 

39024 

—  99 

0.174 

0.0021 

8924 

25860 

2521 

03291 

14 

38925 

—102 

0.175 

0.0022 

1445 

29151 

2535 

42114 

14 

38823 

—  99 

0.176 

0.0022 

3980 

71265 

2549 

80838 

14 

38724 

—101 

0.177 

0.0022 

6530 

52103 

2564 

19461 

14 

38623 

—102 

0.178 

0.0022 

9094 

71564 

2578 

57982 

14 

38521 

—104 

0.179 

0.0023 

1673 

29546 

2592 

96399 

14 

38417 

—100 

0.180 

0.0023 

4266 

25945 

2607 

34716 

14 

38317 

—105 

0.181 

0.0023 

6873 

60661 

2621 

72928 

14 

38212 

—106 

0.182 

0.0023 

9495 

33589 

2636 

11034 

14 

38106 

—101 

0.183 

0.0024 

2131 

44623 

2650 

49039 

14 

38005 

—107 

0.184 

0.0024 

4781 

93662 

2664 

86937 

14 

37898 

—105 

0.185 

0.0024 

7446 

80599 

2679 

24730 

14 

37793 

—108 

0.186 

0.0025 

0126 

05329 

2693 

62415 

14 

37685 

—102 

0.187 

0.0025 

2819 

67744 

2707 

99998 

14 

37583 

—113 

0.188 

0.0025 

5527 

67742 

2722 

37468 

14 

37470 

—106 

0.189 

0.0025 

8250 

05210 

2736 

74832 

14 

37364 

—107 

0.190 

0.0026 

0986 

80042 

2751 

12089 

14 

37257 

—112 

0.191 

0.0026 

3737 

92131 

2765 

49234 

14 

37145 

—107 

0.192 

0.0026 

6503 

41365 

2779 

86272 

14 

37038 

—112 

0.193 

0.0026 

9283 

27637 

2794 

23196 

14 

36926 

—108 

0.194 

0.0027 

2077 

50835 

2808 

60016 

14 

36818 

—114 

0.195 

0.0027 

4886 

10851 

2822 

96720 

14 

36704 

—112 

0.196 

0.0027 

7709 

07571 

2837 

33312 

14 

36592 

—109 

0.197 

0.0028 

0546 

40883 

2851 

69795 

14 

36483 

—117 

0.198 

0.0028 

3398 

10678 

2866 

06161 

14 

36366 

—111 

0.199 

0.0028 

6264 

16839 

2880 

42416 

14 

36255 

—115 

0.200 

0.0028 

9144 

59255 

14 

36140 

—114 

2894 

78556 

0.201 

0.0029 

2039 

37811 

14 

36026 

—117 

2909 

14582 

0.202 

0.0029 

4948 

52393 

14 

35909 
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TABLE  IV.  LOG 

(i 

Continued) 

^^    X 

V 

sinh  .1- 

X 

log 

x 

\ 

A. 

Aa 

0.200 

0.0028 

9144 

59255 

2894 

78556 

14 

^6140 

—114 

0.201 

0.0029 

2039 

37811 

2909 

14582 

14 

36026 

—117 

0.202 

0.0029 

4948 

52393 

2923 

50491 

14 

35909 

—113 

0.203 

0.0029 

7872 

02884 

2937 

86287 

14 

35796 

—lis 

0.204 

0.0030 

0809 

89171 

2952 

21965 

14 

35678 

—117 

0.205 

0.0030 

3762 

11136 

2966 

57526 

14 

35561 

—117 

0.206 

0.0030 

6728 

68662 

2980 

92970 

14 

35444 

—118 

0.207 

0.0030 

9709 

61632 

2995 

28296 

14 

35326 

—117 

0.20S 

0.0031 

2704 

89928 

3009 

63505 

14 

35209 

—122 

0.209 

0.0031 

5714 

53433 

3023 

98592 

14 

35087 

—lis 

0.210 

0.0031 

8738 

52025 

3038 

33561 

14 

34969 

—120 

0.211 

0.0032 

1776 

85586 

3052 

68410 

14 

34849 

—122 

0.212 

0.0032 

4829 

53996 

3067 

03137 

14 

34727 

—120 

0.213 

0.0032 

7896 

57133 

3081 

37744 

14 

34607 

—122 

0.214 

0.0033 

0977 

94877 

3095 

72229 

14 

34485 

—122 

0.215 

0.0033 

4073 

67106 

3110 

06592 

14 

34363 

—125 

0.216 

0.0033 

7183 

73698 

3124 

40830 

14 

34238 

—122 

0.217 

0.0034 

0308 

14528 

3138 

74946 

14 

34116 

— 124 

0.218 

0.0034 

3446 

89474 

3153 

08938 

14 

33992 

—125 

0.219 

0.0034 

6599 

98412 

3167 

42805 

14 

33867 

—125 

0.220 

0.0034 

9767 

41217 

3181 

76547 

14 

33742 

—125 

0.221 

0.0035 

2949 

17764 

3196 

10164 

14 

33617 

-129 

0.222 

0.0035 

6145 

27928 

3210 

43652 

14 

33488 

— 124 

0.223 

0.0035 

9355 

71580 

3224 

77016 

14 

33364 

—128 

0.224 

0.0036 

2580 

48596 

3239 

10252 

14 

33236 

—129 

0.225 

0.0036 

5819 

58848 

3253 

43359 

14 

33107 

—127 

0.226 

0.0036 

9073 

02207 

3267 

76339 

14 

32980 

—129 

0.227 

0.0037 

2340 

78546 

3282 

09190 

14 

32851 

—132 

0.22S 

0.0037 

5622 

87736 

3296 

41909 

14 

32719 

—128 

0.229 

0.0037 

8919 

29645 

3310 

74500 

14 

32591 

—132 

0.230 

0.0038 

2230 

04145 

3325 

06959 

14 

32459 

—128 

0.231 

0.0038 

5555 

11104 

3339 

39290 

14 

32331 

—137 

0.232 

0.0038 

8894 

50394 

3353 

71484 

14 

32194 

—129 

0.233 

0.0039 

2248 

21878 

3368 

03549 

14 

32065 

—133 

0.234 

0.0039 

5616 

25427 

3382 

35481 

14 

31932 

—135 

0.235 

0.0039 

8998 

60908 

3396 

67280 

14 

31799 

—137 

0.236 

0.0040 

2395 

28188 

3410 

98942 

14 

31662 

—131 

0.237 

0.0040 

5806 

27130 

3425 

30473 

14 

31531 

—137 

0.238 

0.0040 

9231 

57603 

3439 

61867 

14 

31394 

—135 

0.239 

0.0041 

2671 

19470 

3453 

93126 

14 

31259 

—136 

0.240 

0.0041 

6125 

12596 

3468 

24249 

14 

31123 

—139 

0.241 

0.0041 

9593 

36845 

3482 

55233 

14 

30984 

—134 

0.242 

0.0042 

3075 

92078 

14 

30850 
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TABLE  IV.  LOG 

( 

Continued) 

^^    Z 

\ 

sinh  X 

X 

log 

X 

\ 

Ao 

A3 

0.240 

0.0041 

6125 

12596 

3468 

24249 

14 

31123 

—139 

0.241 

0.0041 

9593 

36845 

3482 

55233 

14 

30984 

—134 

0.242 

0.0042 

3075 

92078 

3496 

86083 

14 

30850 

—138 

0.243 

0.0042 

6572 

78161 

3511 

16795 

14 

30712 

—142 

0.244 

0.0043 

0083 

94956 

3525 

47365 

14 

30570 

—135 

0.245 

0.0043 

3609 

42321 

3539 

77800 

14 

30435 

—143 

0.246 

0.0043 

7149 

20121 

3554 

08092 

14 

30292 

—137 

0.247 

0.0044 

0703 

28213 

3568 

38247 

14 

30155 

—142 

0.24S 

0.0044 

4271 

66460 

3582 

68260 

14 

30013 

—139 

0.249 

0.0044 

7854 

34720 

3596 

98134 

14 

29874 

—146 

0.250 

0.0045 

1451 

32854 

3611 

27862 

14 

29728 

—139 

0.251 

0.0045 

5062 

60716 

3625 

57451 

14 

29589 

—142 

0.252 

0.0045 

8688 

18167 

3639 

86898 

14 

29447 

—146 

0.253 

0.0046 

2328 

05065 

3654 

16199 

14 

29301 

—142 

0.254 

0.0046 

5982 

21264 

3668 

4536 

14 

29159 

—  15 

0.255 

0.0046 

9650 

6662 

3682 

7437 

14 

2901 

—  14 

0.256 

0.0047 

3333 

4099 

3697 

0324 

14 

2887 

—  14 

0.257 

0.0047 

7030 

4423 

3711 

3197 

14 

2873 

—  16 

0.258 

0.0048 

0741 

7620 

3725 

6054 

14 

2857 

—  13 

0.259 

0.0048 

4467 

3674 

3739 

8898 

14 

2844 

—  17 

0.260 

0.0048 

8207 

2572 

3754 

1725 

14 

2827 

—  13 

0.261 

0.0049 

1961 

4297 

3768 

4539 

14 

2814 

—  15 

0.262 

0.0049 

5729 

> 

8836 

3782 

7338 

14 

2799 

—  14 

0.263 

0.0049 

9512 

6174 

3797 

0123 

14 

2785 

—  16 

0.264 

0.0050 

3309 

6297 

3811 

2892 

14 

2769 

—  16 

0.265 

0.0050 

7120 

9189 

3825 

5645 

14 

2753 

—  13 

0.266 

0.0051 

0946 

4834 

3839 

8385 

14 

2740 

—  17 

0.267 

0.0051 

4786 

3219 

3854 

1108 

14 

2723 

—  14 

0.268 

0.0051 

8640 

4327 

3868 

3817 

14 

2709 

—  16 

0.269 

0.0052 

2508 

8144 

3882 

6510 

14 

2693 

—  14 

0.270 

0.0052 

6391 

4654 

3896 

9189 

14 

2679 

—  16 

0.271 

0.0053 

0288 

3843 

3911 

1852 

14 

2663 

—  16 

0.272 

0.0053 

4199 

5695 

3925 

4499 

14 

2647 

—  14 

0.273 

0.0053 

8125 

C194 

3939 

7132 

14 

2633 

—  16 

0.274 

0.0054 

2064 

7326 

3953 

9749 

14 

2617 

—  16 

0.275 

0.0054 

6018 

7075 

3968 

2350 

14 

2601 

—  16 

0.276 

0.0054 

9986 

9425 

3982 

4935 

14 

2585 

—  15 

0.277 

0.0055 

3969 

4360 

3996 

7505 

14 

2570 

—  14 

0.278 

0.0055 

7966 

1865 

4011 

0061 

14 

2556 

—  *1S 

0.279 

0.0056 

1977 

1926 

4025 

2599 

14 

2538 

—  15 

0.280 

0.0056 

6002 

4525 

4039 

5122 

14 

2523 

—  17 

0.281 

0.0057 

0041 

9647 

4053 

7628 

14 

2506 

—  14 

0.282 

0.0057 

4095 

7275 

14 

2492 
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X 
0.280 
0.281 
0.282 
0.283 
0.284 
0.285 
0.286 
0.287 
0.288 
0.289 
0.290 
0.291 
0.292 
0.293 
0.294 
0.295 
0.296 
0.297 
0.298 
0.299 
0.300 
0.301 
0.302 
0.303 
0.304 
0.305 
0.306 
0.307 
0.308 
0.309 
0.310 
0.311 
0.312 
0.313 
0.314 
0.315 
0.316 
0.317 
0.318 
0.319 
0.320 
0.321 
0.322 


TABLE  IV.     LOGio 

siiih  .T 


0.0056  6002  4525 

0.0057  0041  9647 

0.0057  4095  7275 

0.0057  8163  7395 

0.0058  2245  9989 

0.0058  6342  5042 

0.0059  0453  2539 

0.0059  4578  2464 

0.0059  8717  4799 

0.0060  2870  9528 

0.0060  7038  6636 

0.0061  1220  6106 

0.0061  5416  7921 

0.0061  9627  2066 

0.0062  3851  8523 

0.0062  8090  7277 

0.0063  2343  8311 

0.0063  6611  1607 

0.0064  0892  7148 

0.0064  5188  4918 

0.0064  9498  4904 

0.0065  3822  7085 

0.0065  8161  1444 

0.0066  2513  7965 

0.0066  6880  6630 

0.0067  1261  7424 

0.0067  5657  0328 

0.0068  0066  5327 

0.0068  4490  2402 

0.0068  8928  1535 

0.0069  3380  2709 

0.0069  7846  5909 

0.0070  2327  1116 

0.0070  6821  8312 

0.0071  1330  7479 

0.0071  5853  8601 

0.0072  0391  1660 

0.0072  4942  6636 

0.0072  9508  3514 

0.0073  4088  2277 

0.0073  8682  2905 

0.0074  3290  5380 

0.0074  7912  9684 


( 

Continued) 

X 

Ai 

i 

^2 

A3 

14 

2523 

4039 

5122 

14 

2506 

—17 

4053 

7628 

14 

2492 

—14 

4068 

0120 

14 

2474 

—18 

4082 

2594 

14 

2459 

—15 

4096 

5053 

14 

2444 

—15 

4110 

7497 

14 

2428 

—16 

4124 

9925 

14 

2410 

—18 

4139 

2335 

14 

2394 

—16 

4153 

4729 

14 

2379 

—15 

4167 

7108 

14 

2362 

—17 

4181 

9470 

14 

2345 

—17 

4196 

1815 

14 

2330 

—15 

4210 

4145 

14 

2312 

—18 

4224 

6457 

14 

2297 

—15 

4238 

8754 

14 

2280 

—17 

4253 

1034 

14 

2262 

—18 

4267 

3296 

14 

2245 

—17 

4281 

5541 

14 

2229 

—16 

4295 

7770 

14 

2216 

—13 

4309 

9986 

14 

2195 

—21 

4324 

2181 

14 

2178 

—17 

4338 

4359 

14 

2162 

—16 

4352 

6521 

14 

2144 

—18 

4366 

8665 

14 

2129 

—15 

4381 

0794 

14 

2110 

—19 

4395 

2904 

14 

2095 

—15 

4409 

4999 

14 

2076 

—19 

4423 

7075 

14 

2058 

—18 

4437 

9133 

14 

2041 

—17 

4452 

1174 

14 

2026 

—15 

4466 

3200 

14 

2007 

—19 

4480 

5207 

14 

1989 

—18 

4494 

7196 

14 

1971 

—IS 

4508 

9167 

14 

1955 

—16 

4523 

1122 

14 

1937 

—18 

4537 

3059 

14 

1917 

—20 

4551 

4976 

14 

1902 

—15 

4565 

6878 

14 

1885 

—17 

4579 

8763 

14 

1865 

—20 

4594 

0628 

14 

1847 

—18 

4608 

2475 

14 

1829 

—18 

4622 

4304 

14 

1812 

—17 

450 
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SINH  X 


TABLE  IV.  LOGio 

, 

[Continued) 

X 

sinh  X 

X 

log 

X 

Ax 

I 

^2 

A3 

0.320 

0.0073 

8682 

2905 

4608 

2475 

14 

1847 

—18 

0.321 

0.0074 

3290 

5380 

4622 

4304 

14 

1829 

— 17 

0.322 

0.0074 

7912 

9684 

4636 

6116 

14 

1812 

—19 

0.323 

0.0075 

2549 

5800 

4650 

7909 

14 

1793 

—18 

0.324 

0.0075 

7200 

3709 

4664 

9684 

14 

1775 

—17 

0.325 

0.0076 

1865 

3393 

4679 

1442 

14 

1758 

—19 

0.326 

0.0076 

6544 

4835 

4693 

3181 

14 

1739 

—IS 

0.327 

0.0077 

1237 

8016 

4707 

4902 

14 

1721 

—18 

0.328 

0.0077 

5945 

2918 

4721 

6605 

14 

1703 

—20 

0.329 

0.0078 

0666 

9523 

4735 

8288 

14 

1683 

—18 

0.330 

0.0078 

5402 

7811 

4749 

9953 

14 

1665 

—18 

0.331 

0.0079 

0152 

7764 

4764 

1600 

14 

1647 

—17 

0.332 

0.0079 

4916 

9364 

4778 

3230 

14 

1630 

— 21 

0.333 

0.0079 

9695 

2594 

4792 

4839 

14 

1609 

—18 

0.334 

0.0080 

4487 

7433 

4806 

6430 

14 

1591 

—19 

0.335 

0.0080 

9294 

3863 

4820 

8002 

14 

1572 

—18 

0.336 

0.0081 

4115 

1865 

4834 

9556 

14 

1554 

—18 

0.337 

0.0081 

8950 

1421 

4849 

1092 

14 

1536 

—20 

0.338 

0.0082 

3799 

2513 

4863 

2608 

14 

1516 

—19 

0.339 

0.0082 

8662 

5121 

4877 

4105 

14 

1497 

—19 

0.340 

0.0083 

3539 

9226 

4891 

5583 

14 

1478 

—19 

0.341 

0.0083 

8431 

4809 

4905 

7042 

14 

1459 

—19 

0.342 

0.0084 

3337 

'1851 

4919 

8482 

14 

1440 

—18 

0.343 

0.0084 

8257 

0333 

4933 

9904 

14 

1422 

—20 

0.344 

0.0085 

3191 

0237 

4948 

1306 

14 

1402 

—20 

0.345 

0.0085 

8139 

1543 

4962 

2688 

14 

1382 

—17 

0.346 

0.0086 

3101 

4231 

4976 

4053 

14 

1365 

— 21 

0.347 

0.0086 

8077 

8284 

4990 

5397 

14 

1344 

—20 

0.348 

0.0087 

3068 

3681 

5004 

6721 

14 

1324 

—19 

0.349 

0.0087 

8073 

0402 

5018 

8026 

14 

1305 

—19 

0.350 

0.0088 

3091 

8428 

5032 

9312 

14 

1286 

—19 

0.351 

0.0088 

8124 

7740 

5047 

0579 

14 

1267 

— 21 

0.352 

0.0089 

3171 

8329 

5061 

1825 

14 

1246 

—19 

0.353 

0.0089 

8233 

0144 

5075 

3052 

14 

1227 

—19 

0.354 

0.0090 

3308 

3196 

5089 

4260 

14 

1208 

—20 

0.355 

0.0090 

8397 

7456 

5103 

5448 

14 

1188 

—20 

0.356 

0.0091 

3501 

2904 

5117 

6616 

14 

1168 

—20 

0.357 

0.0091 

8618 

9520 

5131 

7764 

14 

1148 

—20 

0.358 

0.0092 

3750 

7284 

5145 

8892 

14 

1128 

—20 

0.359 

0.0092 

8896 

6176 

5160 

0000 

14 

1108 

—19 

0.360 

0.0093 

4056 

6176 

5174 

1089 

14 

1089 

—21 

0.361 

0.0093 

9230 

7265 

5188 

2157 

14 

1068 

—20 

0.362 

0.0094 

4418 

9422 

14 

1048 
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TABLE  IV. 

sinh  X 


LOG 


10 


— (Continued) 


X 
0.360 
0.361 
0.362 
0.363 
0.364 
0.365 
0.366 
0.367 
0.368 
0.369 
0.370 
0.371 
0.372 
0.373 
0.374 
0.375 
0.376 
0.377 
0.37S 
0.379 
0.380 
0.381 
0.382 
0.383 
0.384 
0.385 
0.386 
0.387 
0.388 
0.389 
0.390 
0.391 
0.392 
0.393 
0.394 
0.395 
0.396 
0.397 
0.398 
0.399 
0.400 
0.401 
0.402 


lojr 


0.0093  4056  6176 

0.0093  9230  7265 

0.0094  4418  9422 

0.0094  9621  2627 

0.0095  4837  6860 

0.0096  0068  2101 

0.0096  5312  8330 

0.0097  0571  5526 

0.0097  5844  3669 

0.0098  1131  2739 

0.0098  6432  2716 

0.0099  1747  3578 

0.0099  7076  5304 

0.0100  2419  7875 

0.0100  7777  1270 

0.0101  3148  5469 

0.0101  8534  0450 

0.0102  3933  6192 

0.0102  9347  2675 

0.0103  4774  9878 

0.0104  0216  7780 

0.0104  5672  6360 

0.0105  1142  5597 

0.0105  6626  5470 

0.0106  2124  5958 

0.0106  7636  7038 

0.0107  3162  8691 

0.0107  8703  0895 

0.0108  4257  3629 

0.0108  9825  6870 

0.0109  5408  0598 

0.0110  1004  4791 

0.0110  6614  9428 

0.0111  2239  4487 

0.0111  7877  9946 

0.0112  3530  5785 

0.0112  9197  1979 

0.0113  4877  8509 

0.0114  0572  5352 

0.0114  6281  2487 

0.0115  2003  9892 

0.0115  7740  7544 

0.0116  3491  5420 


Ai 

^2 

A3 

14 

1089 

5174 

1089 

14 

1068 

—21 

5188 

2157 

14 

1048 

—20 

5202 

3205 

14 

1028 

—20 

5216 

4233 

14 

1008 

—20 

5230 

5241 

14 

0988 

—20 

5244 

6229 

14 

0967 

—21 

5258 

7196 

14 

0947 

—20 

5272 

8143 

14 

0927 

—20 

5286 

9070 

14 

0907 

—20 

5300 

9977 

14 

0885 

—22 

5315 

0862 

14 

0864 

—21 

5329 

1726 

14 

0845 

—19 

5343 

2571 

14 

0824 

—21 

5357 

3395 

14 

0804 

—20 

5371 

4199 

14 

0782 

—22 

5385 

4981 

14 

0761 

—21 

5399 

5742 

14 

0741 

—20 

5413 

6483 

14 

0720 

—21 

5427 

7203 

14 

0699 

—21 

5441 

7902 

14 

0678 

—21 

5455 

8580 

14 

0657 

—21 

5469 

9237 

14 

0636 

—21 

5483 

9873 

14 

0615 

—21 

5498 

0488 

14 

0592 

—23 

5512 

1080 

14 

0573 

—19 

5526 

1653 

14 

0551 

—22 

5540 

2204 

14 

0530 

—21 

5554 

2734 

14 

0507 

—23 

5568 

3241 

14 

0487 

—20 

5582 

3728 

14 

0465 

—22 

5596 

4193 

14 

0444 

—21 

5610 

4637 

14 

0422 

—22 

5624 

5059 

14 

0400 

—22 

5638 

5459 

14 

0380 

—20 

5652 

5839 

14 

0355 

—25 

5666 

6194 

14 

0336 

—19 

5680 

6530 

14 

0313 

—23 

5694 

6843 

14 

0292 

—21 

5708 

7135 

14 

0270 

—22 

5722 

7405 

14 

0247 

—23 

5736 

7652 

14 

0224 

—23 

5750 

7876 

14 

0204 

—20 

45 
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SINH  X 


TABLE  IV.  LOGio 

"^^^^^  ^  --(r-n^ 

'inued) 

X 

sinh  X 

X 

log 

Ai 

Ao 

A3 

0.400 

0.0115  2003  9892 

5736  7652 

14  0247 

—23 

0.401 

0.0115  7740  7544 

5750  7876 

14  0224 

—20 

0.402 

0.0116  3491  5420 

5764  8080 

14  0204 

—23 

0.403 

0.0116  9256  3500 

5778  8261 

14  0181 

— 22 

0.404 

0.0117  5035  1761 

5792  8420 

14  0159 

—22 

0.405 

0.0118  0828  0181 

5806  8557 

14  0137 

—22 

0.406 

0.0118  6634  8738 

5820  8672 

14  0115 

—24 

0.407 

0.0119  2455  7410 

5834  8763 

14  0091 

—21 

0.40S 

0.0119  8290  6173 

5848  8833 

14  0070 

—23 

0.409 

0.0120  4139  5006 

14  0047 

—23 

5862  8880 

0.410 

0.0121  0002  3886 

5876  8904 

14  0024 

—21 

0.411 

0.0121  5879  2790 

5890  8907 

14  0003 

—24 

0.412 

0.0122  1770  1697 

5904  8886 

13  9979 

—21 

0.413 

0.0122  7675  0583 

13  9958 

—24 

5918  8844 

0.414 

0.0123  3593  9427 

13  9934 

—22 

5932  8778 

0.415 

0.0123  9526  8205 

5946  8690 

13  9912 

—24 

0.416 

0.0124  5473  6895 

5960  8578 

13  9888 

—23 

0.417 

0.0125  1434  5473 

5974  8443 

13  9865 

—20 

0.418 

0.0125  7409  3916 

5988  8288 

13  9845 

—26 

0.419 

0.0126  3398  2204 

13  9819 

—22 

6002  8107 

0.420 

0.0126  9401  0311 

13  9797 

—23 

6016  7904 

0.421 

0.0127  5417   8215 

13  9774 

—23 

6030  7678 

0.422 

0.0128  1448  5893 

13  9751 

—23 

* 

6044  7429 

0.423 

0.0128  7493  3322 

13  9728 

—24 

6058  7157 

0.424 

0.0129  3552  0479 

6072  6861 

13  9704 

—23 

0.425 

0.0129  9624  7340 

6086  6542 

13  9681 

—21 

0.426 

0.0130  5711  3882 

6100  6202 

13  9660 

—26 

0.427 

0.0131  1812  0084 

6114  5836 

13  9634 

—23 

0.42S 

0.0131  7926  5920 

6128  5447 

13  9611 

—24 

0.429 

0.0132  4055  1367 

13  9587 

—22 

6142  5034 

0.430 

0.0133  0197  6401 

13  9565 

—23 

6156  4599 

0.431 

0.0133  6354  1000 

6170  4141 

13  9542 

—24 

0.432 

0.0134  2524  5141 

6184  3659 

13  9518 

—25 

0.433 

0.0134  8708  8800 

6198  3152 

13  9493 

—23 

0.434 

0.0135  4907   1952 

6212  2622 

13  9470 

—23 

0.435 

0.0136  1119  4574 

6226  2069 

13  9447 

—24 

0.436 

0.0136  7345  6643 

6240  1492 

13  9423 

—24 

0.437 

0.0137  3585  8135 

6254  0891 

13  9399 

—24 

0.438 

0.0137  9839  9026 

6268  0266 

13  9375 

—24 

0.439 

0.0138  6107  9292 

6281  9617 

13  9351 

—25 

0.440 

0.0139  2389  8909 

6295  8943 

13  9326 

—22 

0.441 

0.0139  8685  7852 

6309  8247 

13  9304 

—24 

0.442 

0.0140  4995  6099 

13  9280 

Vol.  1] 


X 

0.440 
0.441 
0.442 
0.443 
0.444 
0.445 
0.446 
0.447 
0.44S 
0.449 
0.450 
0.451 
0.452 
0.453 
0.454 
0.455 
0.456 
0.457 
0.45S 
0.459 
0.460 
0.461 
0.462 
0.463 
0.464 
0.465 
0.466 
0.467 
0.468 
0.469 
0.470 
0.471 
0.472 
0.473 
0.474 
0.475 
0.476 
0.477 
0.478 
0.479 
0.480 
0.481 
0.482 
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81X11  X 
TABLE  IV.     LOGio 

sinh  X 
l()o- 


0.0139  2389  8909 

0.0139  8685  7852 

0.0140  4995  6099 

0.0141  1319  3626 

0.0141  7657  0408 

0.0142  4008  6421 

0.0143  0374  1640 

0.0143  6753  6042 

0.0144  3146  9603 

0.0144  9554  2296 

0.0145  5975  4099 

0.0146  2410  4988 

0.0146  8859  4938 

0.0147  5322  3923 

0.0148  1799  1920 

0.0148  8289  8904 

0.0149  4794  4850 

0.0150  1312  9734 

0.0150  7845  3530 

0.0151  4391  6215 

0.0152  0951  7762 

0.0152  7525  8147 

0.0153  4113  7345 

0.0154  0715  5332 

0.0154  7331  2083 

0.0155  3960  7571 

0.0156  0604  1773 

0.0156  7261  4663 

0.0157  3932  6215 

0.0158  0617  6405 

0.0158  7316  5206 

0.0159  4029  2594 

0.0160  0755  8543 

0.0160  7496  3028 

0.0161  4250  6023 

0.0162  1018  7503 

0.0162  7800  7441 

0.0163  4596  5814 

0.0164  1406  2594 

0.0164  8229  7756 

0.0165  5067  1275 

0.0166  1918  3123 

0.0166  8783  3276 


X 

— 

(Continued) 

^1 

13 

A, 
9326 

^a 

6295 

8943 

13 

9304 

—22 

6309 

8247 

13 

9280 

—24 

6323 

7527 

13 

9255 

—25 

6337 

6782 

13 

9231 

—24 

6351 

6013 

13 

9206 

—25 

6365 

5219 

13 

9183 

—23 

6379 

4402 

13 

9159 

—24 

6393 

3561 

13 

9132 

—27 

6407 

2693 

13 

9110 

—22 

6421 

1803 

13 

9086 

—24 

6435 

0889 

13 

9061 

—25 

6448 

9950 

13 

9035 

—26 

6462 

8985 

13 

9012 

—23 

6476 

7997 

13 

8987 

—25 

6490 

6984 

13 

8962 

—25 

6504 

5946 

13 

8938 

—24 

6518 

4884 

13 

8912 

—26 

6532 

3796 

13 

8889 

—23 

6546 

2685 

13 

8862 

—27 

6560 

1547 

13 

8838 

—24 

6574 

0385 

13 

8813 

—25 

6587 

9198 

13 

8789 

—24 

6601 

7987 

13 

8764 

—25 

6615 

6751 

13 

8737 

—27 

6629 

5488 

13 

8714 

—23 

6643 

4202 

13 

8688 

—26 

6657 

2890 

13 

8662 

—26 

6671 

1552 

13 

8638 

— 24 

6685 

0190 

13 

8611 

—27 

6698 

8801 

13 

8587 

— 24 

6712 

7388 

13 

8561 

—26 

6726 

5949 

13 

8536 

—25 

6740 

4485 

13 

8510 

—26 

6754 

2995 

13 

8485 

—25 

6768 

1480 

13 

8458 

—27 

6781 

9938 

13 

8435 

—23 

6795 

8373 

13 

8407 

—28 

6809 

6780 

13 

8382 

—25 

6823 

5162 

13 

8357 

—25 

6837 

3519 

13 

8329 

—28 

6851 

1848 

13 

8305 

—24 

6865 

0153 

13 

8279 

—26 
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X 
0.480 
0.481 
0.482 
0.483 
0.484 
0.485 
0.486 
0.487 
0.488 
0.489 
0.490 
0.491 
0.492 
0.493 
0.494 
0.495 
0.496 
0.497 
0.498 
0.499 
0.500 
0.501 
0.502 
0.503 
0.504 
0.505 
0.506 


TABLE  IV.  LOGio 

sinh  X 


loff 


0.0165  5067  1275 
0.0166  1918  3123 
0.0166  8783  3276 
0.0167  5662  1708 
0.0168  2554  8392 
0.0168  9461  3303 
0.0169  6381  6414 
0.0170  3315  7700 
0.0171  0263  7135 
0.0171  7225  4691 
0.0172  4201  0342 
0.0173  1190  4064 
0.0173  8193  5829 
0.0174  5210  5610 
0.0175  2241  3381 
0.0175  9285  9117 
0.0176  6344  2790 
0.0177  3416  4374 
0.0178  0502  3842 
0.0178  7602  1167 
0.0179  4715  6323 
0.0180  1842  9284 
0.0180  8984.  0022 
0.0181  6138  8510 
0.0182  3307  4722 
0.0183  0489  8631 
0.0183  7686  0209 


n,cluded) 

X 

A, 

^2 

13  8329 

As 

6851  1848 

13  8305 

— 24 

6865  0153 

13  8279 

— 26 

6878  8432 

13  8252 

— 27 

6892  6684 

13  8227 

— 25 

6906  4911 

13  8200 

— 27 

6920  3111 

13  8175 

— 25 

6934  1286 

13  8149 

— 26 

6947  9435 

13  8121 

— 28 

6961  7556 

13  8095 

— 26 

6975  5651 

13  8071 

— 24 

6989  3722 

13  8043 

— 28 

7003  1765 

13  8016 

— 27 

7016  9781 

13  7990 

— 26 

7030  7771 

13  7965 

— 25 

7044  5736 

13  7937 

— 28 

7058  3673 

13  7911 

— 26 

7072  1584 

13  7884 

— 27 

7085  9468 

13  7857 

— 27 

7099  7325 

13  7831 

—26 

7113  5156 

13  7805 

— 26 

7127  2961 

13  7777 

— 28 

7141  0738 

13  7750 

— 27 

7154  8488 

13  7724 

— 26 

7168  6212 

13  7697 

— 27 

7182  3909 

13  7669 

— 28 

7196  1578 
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TABLE  V.     LOG 


10 


TANHZ 


X 

JO^ 

tanh  .1 

- 

0.000 

0.0000 

0000 

0000 

0.001 

0.0000 

0014 

4765 

0.002 

0.0000 

0057 

9058 

0.003 

0.0000 

0130 

2880 

0.004 

0.0000 

0231 

6228 

0.005 

0.0000 

0361 

9099 

0.006 

0.0000 

0521 

1490 

0.007 

0.0000 

0709 

3396 

0.008 

0.0000 

0926 

4811 

0.009 

0.0000 

1172 

5730 

0.010 

0.0000 

1447 

6146 

0.011 

0.0000 

1751 

6049 

0.012 

0.0000 

2084 

5434 

0.013 

0.0000 

2446 

4291 

0.014 

0.0000 

2837 

2609 

0.015 

0.0000 

3257 

0376 

0.016 

0.0000 

3705 

7582 

0.017 

0.0000 

4183 

4214 

O.OIS 

0.0000 

4690 

0258 

0.019 

0.0000 

5225 

5701 

0.020 

0.0000 

5790 

0528 

0.021 

O.OGOO 

6383 

4721 

0.022 

0.0000 

7005 

8265 

0.023 

0.0000 

7657 

1142 

0.024 

0.0000 

8337 

3335 

0.025 

0.0000 

9046 

4825 

0.026 

0.0000 

9784 

5590 

0.027 

0.0001 

0551 

5611 

0.028 

0.0001 

1347 

4868 

0.029 

0.0001 

2172 

3335 

0.030 

0.0001 

3026 

0992 

0.031 

0.0001 

3908 

7813 

0.032 

0.0001 

4820 

3774 

0.033 

0.0001 

5760 

8851 

0.034 

0.0001 

6730 

3016 

0.035 

0.0001 

7728 

6242 

0.036 

0.0001 

8755 

8502 

0.037 

0.0001 

9811 

9767 

0.03S 

0.0002 

0897 

0007 

0.039 

0.0002 

2010 

9191 

0.040 

0.0002 

3153 

7290 

0.041 

0.0002 

4325 

4271 

0.042 

0.0002 

5526 

0099 

Ai 


A., 


14 

4765 

28 

9528 

43 

4293 

28 

9529 

+  1 

72 

3822 

28 

9526 

—  3 

101 

3348 

28 

9523 

—  3 

130 

2871 

28 

9520 

—  3 

159 

2391 

28 

9515 

—  5 

188 

1906 

28 

9509 

—  6 

217 

1415 

28 

9504 

—  5 

246 

0919 

28 

9497 

—  7 

275 

0416 

28 

9487 

—10 

303 

9903 

28 

9482 

—  5 

332 

9385 

28 

9472 

—10 

361 

8857 

28 

9461 

—11 

390 

8318 

28 

9449 

—12 

419 

7767 

28 

9439 

—10 

448 

7206 

28 

9426 

—13 

477 

6632 

28 

9412 

—14 

506 

6044 

28 

9399 

—13 

535 

5443 

28 

9384 

—15 

564 

4827 

28 

9366 

—18 

593 

4193 

28 

9351 

—15 

622 

3544 

28 

9333 

—18 

651 

2877 

28 

9316 

—17 

680 

2193 

28 

9297 

—19 

709 

1490 

28 

9275 

—22 

738 

0765 

28 

9256 

—19 

767 

0021 

28 

9236 

—20 

795 

9257 

28 

9210 

—26 

824 

8467 

28 

9190 

—20 

853 

7657 

28 

9164 

—26 

882 

6821 

28 

9140 

—24 

911 

5961 

28 

9116 

—24 

940 

5077 

28 

9088 

—28 

969 

4165 

28 

9061 

—27 

998 

3226 

28 

9034 

—27 

1027 

2260 

28 

9005 

—29 

1056 

1265 

28 

8975 

—30 

1085 

0240 

28 

8944 

—31 

1113 

9184 

28 

8915 

—29 

1142 

8099 

28 

8882 

—33 

1171 

6981 

28 

8847 

—35 

1200 

5828 

28 

8817 

—30 
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TABLE 

V.   LOGio 

0.040 

log 
0.0002 

X 

tanh  (c 
3153 

7290 

0.041 

0.0002 

4325 

4271 

0.042 

0.0002 

5526 

0099 

0.043 

0.0002 

6755 

4744 

0.044 

0.0002 

8013 

8169 

0.045 

0.0002 

9301 

0342 

0.046 

0.0003 

0617 

1223 

0.047 

0.0003 

1962 

0778 

0.04S 

0.0003 

3335 

8968 

0.049 

0.0003 

4738 

5756 

0.050 

0.0003 

6170 

1101 

0.051 

0.0003 

7630 

4964 

0.052 

0.0003 

9119 

7306 

0.053 

0.0004 

0637 

8082 

0.054 

0.0004 

2184 

7252 

0.055 

0.0004 

3760 

4771 

0.056 

0.0004 

5365 

0597 

0.057 

0.0004 

6998 

4684 

0.058 

0.0004 

8660 

6986 

0.059 

0.0005 

0351 

7459 

0.060 

0.0005 

2071 

6053 

0.061 

0.0005 

3820 

2720 

0.062 

0.0005 

5597 

7414 

0.063 

0.0005 

7404 

0081 

0.064 

0.0005 

9239 

0676 

0.065 

0.0006 

1102 

9144 

0.066 

0.0006 

2995 

5435 

0.067 

0.0006 

4916 

9494 

0.068 

0.0006 

6867 

1270 

0.069 

0.0006 

8846 

0706 

0.070 

0.0007 

0853 

7749 

0.071 

0.0007 

2890 

2342 

0.072 

0.0007 

4955 

4428 

0.073 

0.0007 

7049 

3951 

0.074 

0.0007 

9172 

0851 

0.075 

0.0008 

1323 

5069 

0.076 

0.0008 

3503 

6547 

0.077 

0.0008 

5712 

5221 

0.078 

0.0008 

7950 

1033 

0.079 

0.0009 

0216 

3918 

0.080 

0.0009 

2511 

3813 

0.081 

0,0009 

4835 

0657 

0.082 

0.0009 

7187 

4383 

TANHX 

IVI/VIHUIK^ 

■KA,J 

A- 

1 

^2 

^3 

28 

8882 

1171 

6981 

28 

8847 

—35 

1200 

5828 

28 

8817 

—30 

1229 

4645 

28 

8780 

—37 

1258 

3425 

28 

8748 

—32 

1287 

2173 

28 

8708 

—40 

1316 

0881 

28 

8674 

—34 

1344 

9555 

28 

8635 

—39 

1373 

8190 

28 

8598 

—37 

1402 

6788 

28 

8557 

41 

1431 

5345 

28 

8518 

—39 

1460 

3863 

28 

8479 

—39 

1489 

2342 

28 

8434 

—45 

1518 

0776 

28 

8394 

— 40 

1546 

9170 

28 

8349 

—45 

1575 

7519 

28 

8307 

— 42 

1604 

5826 

28 

8261 

—46 

1633 

4087 

28 

8215 

—46 

1662 

2302 

28 

8171 

—44 

1691 

0473 

28 

8121 

—50 

1719 

8594 

28 

8073 

—AS 

1748 

6667 

28 

8027 

—46 

1777 

4694 

28 

7973 

—54 

1806 

2667 

28 

7928 

—45 

1835 

0595 

28 

7873 

—55 

1863 

8468 

28 

7823 

—50 

1892 

6291 

28 

7768 

—55 

1921 

4059 

28 

7717 

—51 

1950 

1776 

28 

7660 

—57 

1978 

9436 

28 

7607 

—53 

2007 

7043 

28 

7550 

—57 

2036 

4593 

28 

7493 

—57 

2065 

2086 

28 

7437 

—56 

2093 

9523 

28 

7377 

—60 

2122 

6900 

28 

7318 

—59 

2151 

4218 

28 

7260 

—58 

2180 

1478 

28 

7196 

—64 

2208 

8674 

28 

7138 

—58 

2237 

5812 

28 

7073 

65 

2266 

2885 

28 

7010 

—63 

2294 

9895 

28 

6949 

—61 

2323 

6844 

28 

6882 

—67 

2352 

3726 

28 

6815 

—67 
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TABLE  V.     LOG 
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X 

0.080 

log — 

tanh  : 
0.0009  2511 

X 

3813 

0.081 

0.0009 

4835 

0657 

0.082 

0.0009 

7187 

4383 

0.083 

0.0009 

9568 

4924 

0.084 

0.0010 

1978 

2218 

0.085 

0.0010 

4416 

6195 

0.086 

0.0010 

6883 

6788 

0.087 

0.0010 

9379 

3926 

0.088 

0.0011 

1903 

7545 

0.089 

0.0011 

4456 

7570 

0.090 

0.0011 

7038 

3931 

0.091 

0.0011 

9648 

6559 

0.092 

0.0012 

2287 

5378 

0.093 

0.0012 

4955 

0315 

0.094 

0.0012 

7651 

1298 

0.095 

0.0013 

0375 

8252 

0.096 

0.0013 

3129 

1100 

0.097 

0.0013 

5910 

9766 

0.098 

0.0013 

8721 

4173 

0.099 

0.0014 

1560 

4241 

0.100 

0.0014 

4427 

9895 

0.101 

0.0014 

7324 

1052 

0.102 

0.0015 

0248 

7636 

0.103 

0.0015 

3201 

9561 

0.104 

0.0015 

6183 

6748 

0.105 

0.0015 

9193 

9112 

0.106 

0.0016 

2232 

6573 

0.107 

0.0016 

5299 

9043 

0.108 

0.0016 

8395 

6441 

0.109 

0.0017 

1519 

8678 

0.110 

0.0017 

4672 

5670 

0.111 

0.0017 

7853 

7327 

0.112 

0.0018 

1063 

3563 

0.113 

0.0018 

4301 

4289 

0.114 

0.0018 

7567 

9413 

0.115 

0.0019 

0862 

8848 

0.116 

0.0019 

4186 

2501 

0.117 

0.0019 

7538 

0279 

0.118 

0.0020 

0918 

2092 

0.119 

0.0020 

4326 

7846 

0.120 

0.0020 

7763 

7447 

0.121 

0.0021 

1229 

0798 

0.122 

0.0021 

4722 

7806 

TANHZ 

Jll/l/l/l{ilA/ 

C/l*_/ 

^i 

^2 

A3 

28 

6949 

2323 

6844 

28 

6882 

—67 

2352 

3726 

28 

6815 

—67 

2381 

0541 

28 

6753 

—62 

2409 

7294 

28 

6683 

—70 

2438 

3977 

28 

6616 

—67 

2467 

0593 

28 

6545 

— 71 

2495 

7138 

28 

6481 

—64 

2524 

3619 

28 

6406 

—75 

2553 

0025 

28 

6336 

—70 

2581 

6361 

28 

6267 

—69 

2610 

2628 

28 

6191 

—76 

2638 

8819 

28 

6118 

—73 

2667 

4937 

28 

6046 

— 72 

2696 

0983 

28 

5971 

—75 

2724 

6954 

28 

5894 

—77 

2753 

2848 

28 

5818 

—76 

2781 

8666 

28 

5741 

—77 

2810 

4407 

28 

5661 

—80 

2839 

0068 

28 

5586 

—75 

2867 

5654 

28 

5503 

—83 

2896 

1157 

28 

5427 

—76 

2924 

6584 

28 

5341 

86 

2953 

1925 

28 

5262 

—79 

2981 

7187 

28 

5177 

—85 

3010 

2364 

28 

5097 

—80 

3038 

7461 

28 

5009 

88 

3067 

2470 

28 

4928 

—81 

3095 

7398 

28 

4839 

89 

3124 

2237 

28 

4755 

—84 

3152 

6992 

28 

4665 

—90 

3181 

1657 

28 

4579 

86 

3209 

6236 

28 

4490 

—89 

3238 

0726 

28 

4398 

—92 

3266 

5124 

28 

4311 

—87 

3294 

9435 

28 

4218 

—93 

3323 

3653 

28 

4125 

—93 

3351 

7778 

28 

4035 

—90 

3380 

1813 

28 

3941 

—94 

3408 

5754 

28 

3847 

—94 

3436 

9601 

28 

3750 

—97 

3465 

3351 

28 

3657 

—93 

3493 

7008 

28 

3557 

—100 

458 
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TABLE  V.  LOGio 

X 

log 

X 
tanh  X 

0.120 

0.0020 

7763 

7447 

0.121 

0.0021 

1229 

0798 

0.122 

0.0021 

4722 

7806 

0.123 

0.0021 

8244 

8371 

0.124 

0.0022 

1795 

2398 

0.125 

0.0022 

5373 

9791 

0.126 

0.0022 

8981 

0447 

0.127 

0.0023 

2616 

4269 

0.12S 

0.0023 

6280 

1157 

0.129 

0.0023 

9972 

1008 

0.130 

0.0024 

3692 

3723 

0.131 

6.0024 

7440 

9196 

0.132 

0.0025 

1217 

7327 

0.133 

0.0025 

5022 

8010 

0.134 

0.0025 

8856 

1143 

0.135 

0.0026 

2717 

6616 

0.136 

0.0026 

6607 

4325 

0.137 

0.0027 

0525 

4162 

0.138 

0.0027 

4471 

6021 

0.139 

0.0027 

8445 

9793 

0.140 

0.0028 

2448 

5369 

0.141 

0.0028 

6479 

2635 

0.142 

0.0029 

0538 

1487 

-> 

0.143 

0.0029 

4625 

1807 

0.144 

0.0029 

8740 

3487 

0.145 

0.0030 

2883 

6412 

0.146 

0.0030 

7055 

0469 

0.147 

0.0031 

1254 

5543 

0.14S 

0.0031 

5482 

1519 

0.149 

0.0031 

9737 

8280 

0.150 

0.0032 

4021 

5712 

0.151 

0.0032 

8333 

3696 

0.152 

0.0033 

2673 

2112 

0.153 

0.0033 

7041 

0844 

0.154 

0.0034 

1436 

9770 

0.155 

0.0034 

5860 

8771 

0.156 

0.0035 

0312 

7726 

0.157 

0.0035 

4792 

6511 

0.158 

0.0035 

9300 

5008 

0.159 

0.0076 

3836 

3088 

0.160 

0.0036 

8400 

0631 

0.161 

0.0037 

2991 

7511 

0.162 

0.0037 

7611 

3601 

TANHZ 

3465  3351 

3493  7008 

3522  0565 

3550  4027 

3578  7393 

3607  0656 

3635  3822 

3663  6888 

3691  9851 

3720  2715 

3748  5473 

3776  8131 

3805  0683 

3833  3133 

3861  5473 

3889  7709 

3917  9837 

3946  1859 

3974  3772 

4002  5576 

4030  7266 

4058  8852 

4087  0320 

4115  1680 

4143  2925 

4171  4057 

4199  5074 

4227  5976 

4255  6761 

4283  7432 

4311  7984 

4339  8416 

4367  8732 

4395  8926 

4423  9001 

4451  8955 

4479  8785 

4507  8497 

4535  8080 

4563  7543 

4591  6880 

4619  6090 


—  (Continued) 


28  3750 

28  3657 

28  3557 

28  3462 

28  3366 

28  3263 

28  3166 

28  3066 

28  2963 

28  2864 

28  2758 

28  2658 

28  2552 

28  2450 

28  2340 

28  2236 

28  2128 

28  2022 

28  1913 

28  1804 

28  1690 

28  1586 

28  1468 

28  1360 

28  1245 

28  1132 

28  1017 

28  0902 

28  0785 

28  0671 

28  0552 

28  0432 

28  0316 

28  0194 

28  0075 

27  9954 

27  9830 

27  9712 

27  9583 

27  9463 

27  9337 

27  9210 

27  9086 


—  93 
—100 

—  95 

—  96 
—103 

—  97 
—100 
—103 

—  99 
—106 
—100 
—106 
—102 
—110 
—104 
—108 
—106 
—109 
—109 
—114 
—104 
—118 
—108 
—115 
—113 
—115 
—115 
—117 
—114 
—119 
—120 
—116 
—122 
—119 
—121 
—124 
—118 
—129 
—120 
—126 
—127 
—124 
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TABLE 

\.      LOGio 

X 
0.160 

log 

tanh  X 

0.0036  8400  0631 

0.161 

0.0037 

2991 

7511 

0.162 

0.0037 

7611 

3601 

0.163 

0.0038 

2258 

8777 

0.164 

0.0038 

6934 

2912 

0.165 

0.0039 

1637 

5877 

0.166 

0.0039 

6368 

7542 

0.167 

0.0040 

1127 

7783 

0.16S 

0.0040 

5914 

6465 

0.169 

0.0041 

0729 

3461 

0.170 

0.0041 

5571 

8638 

0.171 

0.0042 

0442 

1865 

0.172 

0.0042 

5340 

3007 

0.173 

0.0043 

0266 

1933 

0.174 

0.0043 

5219 

8509 

0.175 

0.0044 

0201 

2598 

0.176 

0.0044 

5210 

4065 

0.177 

0.0045 

0247 

2776 

0.178 

0.0045 

5311 

8592 

0.179 

0.0046 

0404 

1374 

0.180 

0.0046 

5524 

0986 

0.181 

0.0047 

0671 

7290 

0.182 

0.0047 

5847 

0142 

0.183 

0.0048 

1049 

9406 

0.184 

0.0048 

6280 

4937 

0.185 

0.0049 

1538 

6596 

0.186 

0.0049 

6824 

4238 

0.187 

0.0050 

2137 

7722 

0.188 

0.0050 

7478 

6902 

0.189 

0.0051 

2847 

1633 

0.190 

0.0051 

8243 

1772 

0.191 

0.0052 

3666 

7171 

0.192 

0.0052 

9117 

7684 

0.193 

0.0053 

4596 

3163 

0.194 

0.0054 

0102 

3461 

0.195 

0.0054 

5635 

8428 

0.196 

0.0055 

1196 

7914 

0.197 

0.0055 

6785 

1770 

0.198 

0.0056 

2400 

9843 

0.199 

0.0056 

8044 

1984 

0.200 

0.0057 

3714 

8040 

0.201 

0.0057 

9412 

7858 

0.202 

0.0058 

5138 

1283 

TANH  X 

iit/i/iiaf. 

.u,; 

A 

1 

27 

^2 

9337 

A3 

4591 

6880 

27 

9210 

—127 

4619 

6090 

27 

9086 

—124 

4647 

5176 

27 

8959 

—127 

4675 

4135 

27 

8830 

—129 

4703 

2965 

27 

8700 

—130 

4731 

1665 

27 

8576 

—124 

4759 

0241 

27 

8441 

—135 

4786 

8682 

27 

8314 

—127 

4814 

6996 

27 

8181 

—133 

4842 

5177 

27 

8050 

—131 

4870 

3227 

27 

7915 

—135 

4898 

1142 

27 

7784 

—131 

4925 

8926 

27 

7650 

—134 

4953 

6576 

27 

7513 

—137 

4981 

4089 

27 

7378 

—135 

5009 

1467 

27 

7244 

—134 

5036 

8711 

27 

7105 

—139 

5064 

5816 

27 

6966 

—139 

5092 

2782 

27 

6830 

—136 

5119 

9612 

27 

6692 

-138 

5147 

6304 

27 

6548 

—144 

5175 

2852 

27 

6412 

—136 

5202 

9264 

27 

6267 

—145 

5230 

5531 

27 

6128 

—139 

5258 

1659 

27 

5983 

—145 

5285 

7642 

27 

5842 

—141 

5313 

3484 

27 

5696 

—146 

5340 

9180 

27 

5551 

—145 

5368 

4731 

27 

5408 

—143 

5396 

0139 

27 

5260 

—148 

5423 

5399 

27 

5114 

—146 

5451 

0513 

27 

4966 

—148 

5478 

5479 

27 

4819 

—147 

5506 

0298 

27 

4669 

—150 

5533 

4967 

27 

4519 

—150 

5560 

9486 

27 

4370 

—149 

5588 

3856 

27 

4217 

—153 

5615 

8073 

27 

4068 

—149 

5643 

2141 

27 

3915 

—153 

5670 

6056 

27 

3762 

—153 

5697 

9818 

27 

3607 

—155 

5725 

3425 

27 

3454 

—153 
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TABLE  V.  LOG 

X 

log 

X 

tanh  X 

0.200 

0.0057 

3714 

8040 

0.201 

0.0057 

9412 

7858 

0.202 

0.0058 

5138 

1283 

0.203 

0.0059 

0890 

8162 

0.204 

0.0059 

6670 

8339 

0.205 

0.0060 

2478 

1658 

0.206 

0.0060 

8312 

7965 

0.207 

0.0061 

4174 

7101 

0.208 

0.0062 

0063 

8909 

0.209 

0.0062 

5980 

3230 

0.210 

0.0063 

1923 

9905 

0.211 

0.0063 

7894 

8775 

0.212 

0.0064 

3892 

9679 

0.213 

0.0064 

9918 

2456 

0.214 

0.0065 

5970 

6944 

0.215 

0.0066 

2050 

2979 

0.216 

0.0066 

8157 

0401 

0.217 

0.0067 

4290 

9046 

0.21S 

0.0068 

0451 

8749 

0.219 

0.0068 

6639 

9344 

0.220 

0.0069 

2855 

0665 

0.221 

0.0069 

9097 

2547 

0.222 

0.0070 

5366 

4822 

0.223 

0.0071 

1662 

7324 

0.224 

0.0071 

7985 

9883 

0.225 

0.0072 

4336 

2329 

0.226 

0.0073 

0713 

4496 

0.227 

0.0073 

7117 

6210 

0.228 

0.0074 

3548 

7302 

0.229 

0.0075 

0006 

7600 

0.230 

0.0075 

6491 

6932 

0.231 

0.0076 

3003 

5125 

0.232 

0.0076 

9542 

2005 

0.233 

0.0077 

6107 

7397 

0.234 

0.0078 

2700 

1129 

0.235 

0.0078 

9319 

3024 

0.236 

0.0079 

5965 

2905 

0.237 

0.0080 

2638 

0597 

0.238 

0.0080 

9337 

5921 

0.239 

0.0081 

6063 

8700 

0.240 

0.0082 

2816 

8755 

0.241 

0.0082 

9596 

5906 

0.242 

0.0083 

6402 

9976 

TANHZ 

v^"" 

~j 

Ai 

27 

'"2 

3762 

As 

5697 

9818 

27 

3607 

— 155 

5725 

3425 

27 

3454 

— 153 

5752 

6879 

27 

3^98 

— 156 

5780 

0177 

27 

3142 

—156 

5807 

3319 

27 

2988 

—154 

5834 

6307 

27 

2829 

—15? 

5861 

9136 

27 

2672 

—157 

5889 

1808 

27 

2513 

—159 

5916 

4321 

27 

2354 

— 159 

5943 

6675 

27 

2195 

— 159 

• 

5970 

8870 

27 

2034 

— 161 

5998 

0904 

27 

1873 

—161 

6025 

2777 

27 

1711 

—162 

6052 

4488 

27 

1547 

—164 

6079 

6035 

27 

1387 

— 160 

6106 

7422 

27 

1223 

— 164 

6133 

8645 

27 

1058 

—165 

6160 

9703 

27 

0892 

— 166 

6188 

0595 

27 

0726 

—166 

6215 

1321 

27 

0561 

— 165 

6242 

1882 

27 

0393 

—168 

6269 

2275 

27 

0227 

—166 

6296 

2502 

27 

0057 

— 170 

6323 

2559 

26 

9887 

— 170 

6350 

2446 

26 

9721 

— 166 

6377 

2167 

26 

9547 

— 174 

6404 

1714 

26 

9378 

—169 

6431 

1092 

26 

9206 

— 172 

6458 

0298 

26 

9034 

— 172 

6484 

9332 

26 

8861 

—173 

6511 

8193 

26 

8687 

— 174 

6538 

6880 

26 

8512 

— 175 

6565 

5392 

26 

8340 

— 172 

6592 

3732 

26 

8163 

—177 

6619 

1895 

26 

7986 

—177 

6645 

9881 

26 

7811 

—175 

6672 

7692 

26 

7632 

—179 

6699 

5324 

26 

7455 

—177 

6726 

2779 

26 

7276 

—179 

6753 

0055 

26 

7096 

—ISO 

6779 

7151 

26 

6919 

—177 

6806 

4070 

26 

6736 

—183 

Vol.  1]  Pernot-Woods. — Logarithms  of  Hyperbolic  Functions  461 

X 


TABLE 

V.  LOGio 

X 

loo 

X 

tanh  .1 

0.240 

0.0082 

2816 

8755 

0.241 

0.0082 

9596 

5906 

0.242 

0.0083 

6402 

9976 

0.243 

0.0084 

3236 

0782 

0.244 

0.0085 

0095 

8143 

0.245 

0.0085 

6982 

1878 

0.246 

0.0086 

3895 

1805 

0.247 

0.0087 

0834 

7739 

0.248 

0.0087 

7800 

9498 

0.249 

0.0088 

4793 

6898 

0.250 

0.0089 

1812 

9753 

0.251 

0.0089 

8858 

7878 

0.252 

0.0090 

5931 

1088 

0.253 

0.0091 

3029 

9196 

0.254 

0.0092 

0155 

2013 

0.255 

0.0092 

7306 

9352 

0.256 

0.0093 

4485 

1025 

0.257 

0.0094 

1689 

6842 

0.25S 

0.0094 

8920 

6614 

0.259 

0.0095 

6178 

0150 

0.260 

0.0096 

3461 

7259 

0.261 

0.0097 

0771 

7751 

0.262 

0.0097 

8108 

1433 

0.263 

0.0098 

5470 

8111 

0.264 

0.0099 

2859 

7592 

0.265 

0.0100 

0274 

9683 

0.266 

0.0100 

7716 

4189 

0.267 

0.0101 

5184 

0915 

0.268 

0.0102 

2677 

9666 

0.269 

0.0103 

0198 

0244 

0.270 

0.0103 

7744 

2454 

0.271 

0.0104 

5316 

6097 

0.272 

0.0105 

2915 

0975 

0.273 

0.0106 

0539 

6891 

0.274 

0.0106 

8190 

3643 

0.275 

0.0107 

5867 

1033 

0.276 

0.0108 

3569 

8860 

0.277 

0.0109 

1298 

6924 

0.278 

0.0109 

9053 

5023 

0.279 

0.0110 

6834 

2953 

0.280 

0.0111 

4641 

0513 

0.281 

0.0112 

2473 

7500 

0.282 

0.0113 

0332 

3710 

TANHZ 

11/1/  l/ll  uo 

U/J 

A 

1 

^2 

As 

26 

7096 

6779 

7151 

26 

6919 

—177 

6806 

4070 

26 

6736 

—183 

6833 

0806 

26 

6555 

-181 

6859 

7361 

26 

6374 

—181 

6886 

3735 

26 

6192 

—182 

6912 

9927 

26 

6007 

—185 

6939 

5934 

26 

5825 

—182 

6966 

1759 

26 

5641 

—184 

6992 

7400 

26 

5455 

—186 

7019 

2855 

26 

5270 

—185 

7045 

8125 

26 

5085 

—185 

7072 

3210 

26 

4898 

—187 

7098 

8108 

26 

4709 

—189 

7125 

2817 

26 

4522 

—187 

7151 

7339 

26 

4334 

—188 

7178 

1673 

26 

4144 

—190 

7204 

5817 

26 

3955 

—189 

7230 

9772 

26 

3764 

—191 

7257 

3536 

26 

3573 

—191 

7283 

7109 

26 

3383 

—190 

7310 

0492 

26 

3190 

—193 

7336 

3682 

26 

2996 

—194 

7362 

6678 

26 

2803 

—193 

7388 

9481 

26 

2610 

—193 

7415 

2091 

26 

2415 

—195 

7441 

4506 

26 

2220 

—195 

7467 

6726 

26 

2025 

—195 

7493 

8751 

26 

1827 

—198 

7520 

0578 

26 

1632 

—195 

7546 

2210 

26 

1433 

—199 

7572 

3643 

26 

1235 

—198 

7598 

4878 

26 

1038 

—197 

7624 

5916 

26 

0836 

—202 

7650 

6752 

26 

0638 

—198 

7676 

7390 

26 

0437 

—201 

7702 

7827 

26 

0237 

—200 

7728 

8064 

26 

0035 

—202 

7754 

8099 

25 

9831 

—204 

7780 

7930 

25 

9630 

— 201 

7806 

7560 

25 

9427 

—203 

7832 

6987 

25 

9223 

—204 

7858 

6210 

25 

9018 

—205 
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TABLE  ^ 

'.  LOGio 

./I- 

—  (Continued) 

TANHZ 

X 

X 

log-—— 

tanh  X 

Ai 

Ao 

A3 

0.280 

0.0111  4641 

0513 

7832 

6987 

25  9427 

—204 

0.281 
0.282 

0.0112  2473 
0.0113  0332 

7500 
3710 

7858 
7884 

6210 
5228 

25  9223 
25  9018 

—205 
—204 

0.283 

0.0113  8216 

8938 

7910 

4042 

25  8814 

—206 

0.284 

0.0114  6127 

2980 

7936 

2650 

25  8608 

—207 

0.285 

0.0115  4063 

5630 

7962 

1051 

25  8401 

—207 

0.286 
0.287 
0.288 
0.289 

0.0116  2025 
0.0117  0013 
0.0117  8027 
0.0118  6066 

6681 
5926 
3159 
8173 

7987 
8013 
8039 
8065 

9245 
7233 
5014 
2584 

25  8194 
25  7988 
25  7781 
25  7570 

—206 
—207 
—211 
—207 

0.290 

0.0119  4132 

0757 

8090 

9947 

25  7363 

—209 

0.291 
0.292 

0.0120  2223 
0.0121  0339 

0704 
7805 

8116 
8142 

7101 
4043 

25  7154 
25  6942 

—212 
—210 

0.293 

0.0121  8482 

1848 

8168 

0775 

25  6732 

—209 

0.294 

0.0122  6650 

2623 

8193 

7298 

25  6523 

—216 

0.295 

0.0123  4843 

9921 

8219 

3605 

25  6307 

—208 

0.296 

0.0124  3063 

3526 

8244 

9704 

25  6099 

—213 

0.297 
0.298 

0.0125  1308 
0.0125  9578 

3230 
8820 

8270 
8296 

5590 
1262 

25  5886 
25  5672 

— 214 
—218 

0.299 

0.0126  7875 

0082 

8321 

6716 

25  5454 

—210 

0.300 

0.0127  6196 

6798 

8347 

1960 

25  5244 

—215 

0.301 

0.0128  4543 

8758 

8372 

6989 

25  5029 

—216 

0.302 
0.303 

0.0129  2916 
0.0130  1314 

5747 
7549 

8398 
8423 

1802 
6399 

25  4813 
25  4597 

—216 
—218 

0.304 
0.305 
0.306 
0.307 
0.308 

0.0130  9738 
0.0131  8187 
0.0132  6661 
0.0133  5161 
0.0134  3687 

3948 
4726 
9667 
8553 
1166 

8449 
8474 
8499 
8525 
8550 

0778 
4941 
8886 
2613 
6123 

25  4379 
25  4163 
25  3945 
25  3727 
25  3510 

—216 
-218 
—218 
—217 
—220 

0.309 
0.310 

0.0135  2237 
0.0136  0813 

7289 
6702 

8575 
8601 

9413 
2481 

25  3290 
25  3068 

—222 
—219 

0.311 

0.0136  9414 

9183 

8626 

5330 

25  2849 

—220 

0.312 

0.0137  8041 

4513 

8651 

7959 

25  2629 

—221 

0.313 

0.0138  6693 

2472 

8677 

0367 

25  2408 

—222 

0.314 

0.0139  5370 

2839 

8702 

2553 

25  2186 

—225 

0.315 

0.0140  4072 

5392 

8727 

4514 

25  1961 

—217 

0.316 

0.0141  2799 

9906 

8752 

6258 

25  1744 

—230 

0.317 

0.0142  1552 

6164 

8777 

7772 

25  1514 

—221 

0.318 

0.0143  0330 

3936 

8802 

9065 

25  1293 

—224 

0.319 
0.320 

0.0143  9133 
0.0144  7961 

3001 
3135 

8828 
8853 

0134 
0978 

25  1069 
25  0844 

—225 
— 224 

0.321 

0.0145  6814 

4113 

8878 

1598 

25  0620 

—229 

0.322 

0.0146  5692 

5711 

25  0391 
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TABLE  V.  LOi 

C^io 

(Co'i 

ntinue 

d) 

TANHZ 

X 

log 

X 

A. 

I 

A., 

A3 

tanh  X 

** 

0.320 

0.0144 

7961 

3135 

8853 

0978 

25 

0844 

—224 

0.321 

0.0145 

6814 

4113 

8878 

1598 

25 

0620 

—229 

0.322 

0.0146 

5692 

5711 

8903 

1989 

25 

0391 

—224 

0.323 

0.0147 

4595 

7700 

8928 

2156 

25 

0167 

—227 

0.324 

0.0148 

3523 

9856 

8953 

2096 

24 

9940 

—229 

0.325 

0.0149 

2477 

1952 

8978 

1807 

24 

9711 

—228 

0.326 

0.0150 

1455 

3759 

9003 

1290 

24 

9483 

—227 

0.327 

0.0151 

0458 

5049 

9028 

0546 

24 

9256 

—230 

0.328 

0.0151 

9486 

5595 

9052 

9572 

24 

9026 

—229 

0.329 

0.0152 

8539 

5167 

9077 

8369 

24 

8797 

—228 

0.330 

0.0153 

7617 

3536 

9102 

6938 

24 

8569 

—232 

0.331 

0.0154 

6720 

0474 

9127 

5275 

24 

8337 

—233 

0.332 

0.0155 

5847 

5749 

9152 

3379 

24 

8104 

—228 

0.333 

0.0156 

4999 

9128 

9177 

1255 

24 

7876 

—233 

0.334 

0.0157 

4177 

0383 

9201 

8898 

24 

7643 

—232 

0.335 

0.0158 

3378 

9281 

9226 

6309 

24 

7411 

—233 

0.336 

0.0159 

2605 

5590 

9251 

3487 

24 

7178 

—234 

0.337 

0.0160 

1856 

9077 

9276 

0431 

24 

6944 

— 234 

0.338 

0.0161 

1132 

9508 

9300 

7141 

24 

6710 

—233 

0.339 

0.0162 

0433 

6649 

9325 

3618 

24 

6477 

—235 

0.340 

0.0162 

9759 

0267 

9349 

9860 

24 

6242 

—234 

0.341 

0.0163 

9109 

0127 

9374 

5868 

24 

6008 

—238 

0.342 

0.0164 

8483 

5995 

9399 

1638 

24 

5770 

—236 

0.343 

0.0165 

7882 

7633 

9423 

7172 

24 

5534 

—236 

0.344 

0.0166 

7306 

4805 

9448 

2470 

24 

5298 

—236 

0.345 

0.0167 

6754 

7275 

9472 

7532 

24 

5062 

—240 

0.346 

0.0168 

6227 

4807 

9497 

2354 

24 

4822 

—236 

0.347 

0.0169 

5724 

7161 

9521 

6940 

24 

4586 

-238 

0.348 

0.0170 

5246 

4101 

9546 

1288 

24 

4348 

—240 

0.349 

0.0171 

4792 

5389 

9570 

5396 

24 

4108 

—239 

0.350 

0.0172 

4363 

0785 

9594 

9265 

24 

3869 

—241 

0.351 

0.0173 

3958 

0050 

9619 

2893 

24 

3628 

—238 

0.352 

0.0174 

3577 

2943 

9643 

6283 

24 

3390 

—243 

0.353 

0.0175 

3220 

9226 

9667 

9430 

24 

3147 

—240 

0.354 

0.0176 

2888 

8656 

9692 

2337 

24 

2907 

—242 

0.355 

0.0177 

2581 

0993 

9716 

5002 

24 

2665 

—242 

0.356 

0.0178 

2297 

5995 

9740 

7425 

24 

2423 

—244 

0.357 

0.0179 

2038 

3420 

9764 

9604 

24 

2179 

—240 

0.358 

0.0180 

1803 

3024 

9789 

1543 

24 

1939 

—245 

0.359 

0.0181 

1592 

4567 

9813 

3237 

24 

1694 

—245 

0.360 

0.0182 

1405 

7804 

9837 

4686 

24 

1449 

—242 

0.361 

0.0183 

1243 

2490 

9861 

5893 

24 

1207 

—247 

0.362 

0.0184 

1104 

8383 

24 

0960 

464 
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TABLE 

V.   LOG 

10 

(Continued) 

TANH  X 

X 

tanh  : 

V 

A 

'1 

^2 

^3 

0.360 

0.0182 

1405 

7804 

9837 

4686 

24 

1449 

—242 

0.361 

0.0183 

1243 

2490 

9861 

5893 

24 

1207 

— 247 

0.362 

0.0184 

1104 

8383 

9885 

6853 

24 

0960 

—244 

0.363 

0.0185 

0990 

5236 

9909 

7569 

24 

0716 

—245 

0.364 

0.0186 

0900 

2805 

9933 

8040 

24 

0471 

—248 

0.365 

0.0187 

0834 

0845 

9957 

8263 

24 

0223 

—246 

0.366 

0.0188 

0791 

9108 

9981 

8240 

23 

9977 

—245 

0.367 

0.0189 

0773 

7348 

1 

0005 

7972 

23 

9732 

—249 

0.368 

0.0190 

0779 

5320 

1 

0029 

7455 

23 

9483 

—249 

0.369 

0.0191 

0809 

2775 

1 

0053 

6689 

23 

9234 

— 246 

0.370 

0.0192 

0862 

9464 

1 

0077 

5677 

23 

8988 

—248 

0.371 

0.0193 

0940 

5141 

1 

0101 

4417 

23 

8740 

—252 

0.372 

0.0194 

1041 

9558 

1 

0125 

2905 

23 

8488 

—247 

0.373 

0.0195 

1167 

2463 

1 

0149 

1146 

23 

8241 

—252 

0.374 

0.0196 

1316 

3609 

1 

0172 

9135 

23 

7989 

-248 

0.375 

0.0197 

1489 

2744 

1 

0196 

6876 

23 

7741 

— 252 

0.376 

0.0198 

1685 

9620 

1 

0220 

4365 

23 

7489 

—251 

0.377 

0.0199 

1906 

3985 

1 

0244 

1603 

23 

7238 

—251 

0.378 

0.0200 

2150 

5588 

1 

0267 

8590 

23 

6987 

—253 

0.379 

0.0201 

2418 

4178 

1 

0291 

5324 

23 

6734 

—252 

0.380 

0.0202 

2709 

9502 

1 

0315 

1806 

23 

6482 

—253 

0.381 

0.0203 

3025 

1308 

1 

0338 

8035 

23 

6229 

—253 

0.382 

0.0204 

3363 

9343 

23 

5976 

1 

0362 

4011 

—253 

0.383 

0.0205 

3726 

3354 

1 

0385 

9734 

23 

5723 

—253 

0.384 

0.0206 

4112 

3088 

1 

0409 

5204 

23 

5470 

—257 

0.385 

0.0207 

4521 

8292 

1 

0433 

0417 

23 

5213 

—253 

0.386 

0.0208 

4954 

8709 

1 

0456 

5377 

23 

4960 

—256 

0.387 

0.0209 

5411 

4086 

1 

0480 

0081 

23 

4704 

—255 

0.388 

0.0210 

5891 

4167 

1 

0503 

4530 

23 

4449 

—256 

0.389 

0.0211 

6394 

8697 

1 

0526 

8723 

23 

4193 

—257 

0.390 

0.0212 

6921 

7420 

1 

0550 

2659 

23 

3936 

—256 

0.391 

0.0213 

7472 

0079 

1 

0573 

6339 

23 

3680 

—258 

0.392 

0.0214 

8045 

6418 

1 

0596 

9761 

23 

3422 

—256 

0.393 

0.0215 

8642 

6179 

1 

0620 

2927 

23 

3166 

—261 

0.394 

0.0216 

9262 

9106 

1 

0643 

5832 

23 

2905 

—254 

0.395 

0.0217 

9906 

4938 

1 

0666 

8483 

23 

2651 

—262 

0.396 

0.0219 

0573 

3421 

1 

0690 

0872 

23 

2389 

—258 

0.397 

0.0220 

1263 

4293 

1 

0713 

3003 

23 

2131 

— 259 

0.398 

0.0221 

1976 

7296 

1 

0736 

4875 

23 

1872 

—261 

0.399 

0.0222 

2713 

2171 

1 

0759 

6486 

23 

1611 

—259 

0.400 

0.0223 

3472 

8657 

1 

0782 

7838 

23 

1352 

—259 

0.401 

0.0224 

4255 

6495 

1 

0805 

8931 

23 

1093 

—264 

0.402 

0.0225 

5061 

5426 

23 

0829 
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TABLE  Y.  LO 

GriO  ■ 

(Co 

ntinuc 

'd) 

TANH  X 

X 

loji 

.T 

A 

1 

Ao 

A. 

tanh  .1 

I 

~ 

0.400 

0.0223 

3472 

8657 

1 

0782 

7838 

23 

1352 

—259 

0.401 

0.0224 

4255 

6495 

1 

0805 

8931 

23 

1093 

—264 

0.402 

0.0225 

5061 

5426 

1 

0828 

9760 

23 

0829 

—259 

0.403 

0.0226 

5890 

5186 

1 

0852 

0330 

23 

0570 

—263 

0.404 

0.0227 

6742 

5516 

1 

0875 

0637 

23 

0307 

—263 

0.405 

0.0228 

7617 

6153 

1 

0898 

0681 

23 

0044 

—261 

0.406 

0.0229 

8515 

6834 

1 

0921 

0464 

22 

9783 

—261 

0.407 

0.0230 

9436 

7298 

1 

0943 

9986 

22 

9522 

—266 

0.408 

0.0232 

0380 

7284 

1 

0966 

9242 

22 

9256 

—261 

0.409 

0.0233 

1347 

6526 

1 

0989 

8237 

22 

8995 

—265 

0.410 

0.0234 

2337 

4763 

1 

1012 

6967 

22 

8730 

—266 

0.411 

0.0235 

3350 

1730 

1 

1035 

5431 

22 

8464 

—261 

0.412 

0.0236 

4385 

7161 

1 

1058 

3634 

22 

8203 

—268 

0.413 

0.0237 

5444 

0795 

1 

1081 

1569 

22 

7935 

—264 

0.414 

0.0238 

6525 

2364 

1 

1103 

9240 

22 

7671 

—265 

0.415 

0.0239 

7629 

1604 

1 

1126 

6646 

22 

7406 

—266 

0.416 

0.0240 

8755 

8250 

1 

1149 

3786 

22 

7140 

—266 

0.417 

0.0241 

9905 

2036 

1 

1172 

0660 

22 

6874 

—268 

0.418 

0.0243 

1077 

2696 

1 

1194 

7266 

22 

6606 

—267 

0.419 

0.0244 

2271 

9962 

1 

1217 

3605 

22 

6339 

—264 

0.420 

0.0245 

3489 

3567 

1 

1239 

9680 

22 

6075 

—272 

0.421 

0.0246 

4729 

3247 

1 

1262 

5483 

22 

5803 

—264 

0.422 

0.0247 

5991 

8730 

1 

1285 

1022 

22 

5539 

—272 

0.423 

0.0248 

7276 

9752 

1 

1307 

6289 

22 

5267 

—265 

0.424 

0.0249 

8584 

6041 

1 

1330 

1291 

22 

5002 

—271 

0.425 

0.0250 

9914 

7332 

1 

1352 

6022 

22 

4731 

—271 

0.426 

0.0252 

1267 

3354 

1 

1375 

0482 

22 

4460 

—266 

0.427 

0.0253 

2642 

3836 

1 

1397 

4676 

22 

4194 

—272 

0.428 

0.0254 

4039 

8512 

1 

1419 

8598 

22 

3922 

—269 

0.429 

0.0255 

5459 

7110 

1 

1442 

2251 

22 

3653 

—271 

0.430 

0.0256 

6901 

9361 

1 

1464 

5633 

22 

3382 

—272 

0.431 

0.0257 

8366 

4994 

1 

1486 

8743 

22 

3110 

—271 

0.432 

0.0258 

9853 

3737 

22 

2839 

1 

1509 

1582 

—271 

0.433 

0.0260 

1362 

5319 

1 

1531 

4150 

22 

2568 

—271 

0.434 

0.0261 

2893 

9469 

1 

1553 

6447 

22 

2297 

—273 

0.435 

0.0262 

4447 

5916 

1 

1575 

8471 

22 

2024 

—273 

0.436 

0.0263 

6023 

4387 

1 

1598 

0222 

22 

1751 

—273 

0.437 

0.0264 

7621 

4609 

1 

1620 

1700 

22 

1478 

—271 

0.438 

0.0265 

9241 

6309 

1 

1642 

2907 

22 

1207 

—275 

0.439 

0.0267 

0883 

9216 

1 

1664 

3839 

22 

0932 

—272 

0.440 

0.0268 

2548 

3055 

1 

1686 

4499 

22 

0660 

—276 

0.441 

0.0269 

4234 

7554 

1 

1708 

4883 

22 

0384 

—275 

0.442 

0.0270 

5943 

2437 

22 

0109 

466 
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iXl.. 

ij  1  i  I'i 

V  .    J_iV^V 

TANHZ 

"'/ 

X 

log 

X 

A. 

1 

Ao 

As 

tanh  a: 

** 

0.440 

0.0268 

2548 

3055 

1 

1686 

4499 

22 

0660 

—276 

0.441 

0.0269 

4234 

7554 

1 

1708 

4883 

22 

0384 

—275 

0.442 

0.0270 

5943 

2437 

1 

1730 

4992 

22 

0109 

—272 

0.443 

0.0271 

7673 

7429 

1 

1752 

4829 

21 

9837 

—277 

0.444 

0.0272 

9426 

2258 

1 

1774 

4389 

21 

9560 

—272 

0.445 

0.0274 

1200 

6647 

1 

1796 

3677 

21 

9288 

—280 

0.446 

0.0275 

2997 

0324 

1 

1818 

2685 

21 

9008 

—273 

0.447 

0.0276 

4815 

3009 

1 

1840 

1420 

21 

8735 

—275 

0.44S 

0.0277 

6655 

4429 

1 

1861 

9880 

21 

8460 

—279 

0.449 

0.0278 

8517 

4309 

1 

1883 

8061 

21 

8181 

—276 

0.450 

0.0280 

0401 

2370 

1 

1905 

5966 

21 

7905 

—277 

0.451 

0.0281 

2306 

8336 

1 

1927 

3594 

21 

7628 

—275 

0.452 

0.0282 

4234 

1930 

1 

1949 

0947 

21 

7353 

—280 

0.453 

0.0283 

6183 

2877 

1 

1970 

8020 

21 

7073 

—277 

0.454 

0.0284 

8154 

0897 

1 

1992 

4816 

21 

6796 

—278 

0.455 

0.0286 

0146 

5713 

1 

2014 

1334 

21 

6518 

—278 

0.456 

0.0287 

2160 

7047 

1 

2035 

7574 

21 

6240 

—279 

0.457 

0.0288 

4196 

4621 

1 

2057 

3535 

21 

5961 

—279 

0.45S 

0.0289 

6253 

8156 

1 

2078 

9217 

21 

5682 

—278 

0.459 

0.0290 

8332 

7373 

1 

2100 

4621 

21 

5404 

—280 

0.460 

0.0292 

0433 

1994 

1 

2121 

9745 

21 

5124 

—280 

0.461 

0.0293 

2555 

1739 

1 

2143 

4589 

21 

4844 

—281 

0.462 

0.0294 

4698 

6328 

21 

4563 

1 

2164 

9152 

—279 

0.463 

0.0295 

6863 

5480 

1 

2186 

3436 

21 

4284 

—280 

0.464 

0.0296 

9049 

8916 

1 

2207 

7440 

21 

4004 

—281 

0.465 

0.0298 

1257 

6356 

1 

2229 

1163 

21 

3723 

—283 

0.466 

0.0299 

3486 

7519 

1 

2250 

4603 

21 

3440 

—278 

0.467 

0.0300 

5737 

2122 

1 

2271 

7765 

21 

3162 

—284 

0.468 

0.0301 

8008 

9887 

1 

2293 

0643 

21 

2878 

—280 

0.469 

0.0303 

0302 

0530 

1 

2314 

3241 

21 

2598 

—283 

0.470 

0.0304 

2616 

3771 

1 

2335 

5556 

21 

2315 

—282 

0.471 

0  0305 

4951 

9327 

21 

2033 

1 

2356 

7589 

—283 

0.472 

0.0306 

7308 

6916 

1 

2377 

9339 

21 

1750 

—281 

0.473 

0.0307 

9686 

6255 

1 

2399 

0808 

21 

1469 

—286 

0.474 

0.0309 

2085 

7063 

1 

2420 

1991 

21 

1183 

—279 

0.475 

0.0310 

4505 

9054 

1 

2441 

2895 

21 

0904 

—289 

0.476 

0.0311 

6947 

1949 

1 

2462 

3510 

21 

0615 

—280 

0.477 

0.0312 

9409 

5459 

1 

2483 

3845 

21 

0335 

—284 

0.47S 

0.0314 

1892 

9304 

1 

2504 

3896 

21 

0051 

—286 

0.479 

0.0315 

4397 

3200 

1 

2525 

3661 

20 

9765 

—282 

0.480 

0.0316 

6922 

6861 

1 

2546 

3144 

20 

9483 

—287 

0.481 

0.0317 

9469 

0005 

1 

2567 

2340 

20 

9196 

—284 

0.482 

0.0319 

2036 

2345 

20 

8912 
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TABLE 

V.   LOG 

10  ; 

(Concludi 

Y/) 

TANH  X 

X 

log— ^ 

t;inh  , 

r 

A 

1 

^■2 

A.3 

0.480 

0.0316 

6922 

6861 

2546 

3144 

20 

9483 

—287 

0.481 

0.0317 

9469 

0005 

2567 

2340 

20 

9196 

—284 

0.482 

0.0319 

2036 

2345 

2588 

1252 

20 

8912 

—285 

0.483 

0.0320 

4624 

3597 

2608 

9879 

20 

8627 

— 286 

0.484 

0.0321 

7233 

3476 

2529 

8220 

20 

8341 

— 284 

0.485 

0.0322 

9863 

1696 

2650 

6277 

20 

8057 

— 288 

0.486 

0.0324 

2513 

7973 

2671 

4046 

20 

7769 

— 286 

0.487 

0.0325 

5185 

2019 

2692 

1529 

20 

7483 

— 284 

0.488 

0.0326 

7877 

3548 

2712 

8728 

20 

7199 

— 287 

0.489 

0.0328 

0590 

2276 

2733 

5640 

20 

6912 

— 288 

0.490 

0.0329 

3323 

7916 

2754 

2264 

20 

6624 

— 287 

0.491 

0.0330 

6078 

0180 

2774 

8601 

20 

6337 

— 286 

0.492 

0.0331 

8852 

8781 

2795 

4652 

20 

6051 

— 288 

0.493 

0.0333 

1648 

3433 

2816 

0415 

20 

5763 

— 287 

0.494 

0.0334 

4464 

3848 

2836 

5891 

20 

5476 

— 289 

0.495 

0.0335 

7300 

9739 

2857 

1078 

20 

5187 

— 287 

0.496 

0.0337 

0158 

0817 

2877 

5978 

20 

4900 

— 289 

0.497 

0.0338 

3035 

6795 

2898 

0589 

20 

4611 

— 286 

0.498 

0.0339 

5933 

7384 

2918 

4914 

20 

4325 

— 292 

0.499 

0.0340 

8852 

2298 

2938 

8947 

20 

4033 

—287 

0.500 

0.0342 

1791 

1245 

2959 

2693 

20 

3746 

—289 

0.501 

0.0343 

4750 

3938 

2979 

6150 

20 

3457 

— 290 

0.502 

0.0344 

7730 

0088 

2999 

9317 

20 

3167 

— 288 

0.503 

0.0346 

0729 

9405 

3020 

2196 

20 

2879 

—291 

0.504 

0.0347 

3750 

1601 

3040 

4784 

20 

2588 

—288 

0.505 

0.0348 

6790 

6385 

3060 

7084 

20 

2300 

0.506 

0.0349 

9851 

3469 

TA 
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